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METHOD OF STIMUUTING IMMUNE RESPONSE 
USING GROWTH HORMONE 



5 gaclwfPtffmrfthBlnYentfan 

HaMofthahventfan 

This invention relates to improved methods and composHtons for the use of growth 
homione (GH) which result in the continuous presence of serum levels of GH therapeutbally 
10 effective bi stimulathg growth hormone responses in mammals or avians, including 1 ) increasing 
Immune responses, such as antUxxiy response to antigens In patients with suboptimal immune 
systenns; and 2) novel therapeutic growth hormone administration methods and compositions 
that exhibit efffcacy with intennittent administration. 

15 PfflgrtptlOTgfRgte^MlAr^ 
Growth Hormone 

A major t)iological effect of growth hormone (GH) is to promote growth in young 
mammals and maintenance of tissues in older mammals. The organ systems affected include 
the skeleton, connective tissue, muscles, and viscera such as Over, intesthe, and kidneys. 

20 Growth honnones exert their effect throu^ interaction with specific receptors on the target 
celTs membrane. hGH is a member of a family of homok)gous homnones that include placental 
lactogens, prolactins, and other genetn: and species variants or growth honnone (Niooil, C. S., 
et al. (1986) EndocrihBRflvlaws7. 169). hGH is unusual among these in that it exhbits broad 
species specilicily and bbids to either the cloned somatogenic (Leung, D. W., el al. P987] Nature 

25 m537)orprolactinreceptor(BoutinJ.M.,etal.[i988]£illiS^ 

hGH has been expressed in a secreted form in Escherfchacoli (Chang, C. N., et al. P987] Gene 
^ 189) and its DNA and amino acM sequence has been reported (Goeddel, et al. [1979] Nature 
2SL 544; Gray, et al. [1985] Qm 39. 247). 

Human growth honnone (hGH) participates on much of the regulatnn of nomial human 

30 growth and development. This pituitary honnone exhbits a multitude of biological effects 
inchicflng linear growth (somatogenesis). lactation, activation of macrophages, insulin-like and 
diabetogenic effects among others (Chawla. R, K. (1983) Ann. Rev. Med, 34. 519; Edwards, C. 
K. et al. (1988) Science 239. 769; Thomer, M. 0., et al. (1988) J. Clin. Invest. gL 745). Growth 
honnone deficiency in chiUren leads to dwarfism which has been successhjily treated for more 

35 than a deccde by exogenois administratton of hGH. 

Human powth hormone (hGH) is a single^hain polypeptkle consisting of 191 mm 
adds (molecular weight 21 .500). DbuHlde bonds link posSions S3 and 165 and positions 162 and 
189. rslialL Nature. New Bjotogv. 220: 90 (1971). hGH is a potent anabolic agent, especially 
due to retention of nitrogen, phosphoros, potassium, and calcium. Treatment of 

40 hypophysectomized rats with GH can restore at least a portkm of the growth rate of the 
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rats. Moore a al., gndocflnQtoqtf- Jffi: 2920-2826 (1988). Among its most strikhg effects in 
hypopituitary (GhMleficient) subjects is accelerated linear growth of bone-growth-plate- 
cartilage resuitihg in increased stature. Kaplan, Gmwtti Disofdere In Children and 
Adolescents (Springfield, IL Charles C. Thomas, 1964). 
5 hGH causes a variety of physiologicai and metabolic effects in various animal models 

including Tmear bone growth, lactation, activation of macrophages, insulbi-like and (fiabetogenic 
effects and others (R. K. Chawia ef a/., Amu. Rev. Mb<L 34, 519 (1983); 0. G. P. Isaksson et 
aL. Anna. Rw. PhysioL 47, 483 (1985); C. \L Edwards staL. Sdencem, 769 (1988); M. 0. 
Thomer and M. L Vance, J. CBn. InvesL 82, 745 (1988); J. P. Hu^es and H, G- Friesen, Ann. 

10 Rev. Physiol. 47. 469 (1 985)). It has been reported that, espedaily in women after menopause, 
GH secretion decGneswah age. Miliafd etaL. Neuroblol. Aq&iq, 11: 229-235 f1990): Takahashi 
etaL, ISfeuTOBndocrinotoQv. 137-142 (1987). See also Rudran ef a/., J. CBn. Invest,. SZ; 
1361-1369 (1981) and Blackman, EndocriholoavandAQlha IS: 981 (1987). Moreover, a report 
exisis that some of the manifestations of aging, inclucfiig decreased lean bocty mass, 

15 expansion of adrpose-tbsue mass, and the thinnhg of the skin, can be reduced by GH 

treatment three tsnes a week. See, e.g., Rudman atal., N. Eng. J. Med.. 222: 14 (1990) and 
the accompanying articie in the same journal Issue by Dr. Vance (pp. 52-54). These btotogical 
effects derive from the interaction between hGH and spedfk: cellular receptors. Two different 
human receptors have been cloned, the hGH Over receptor (D. W. Leung at aL, Nature 330, 537 

20 (1987)) and the human pn)tactih recqitor (J. lA. Boutin ef a/., MoL BidocriioL Z, 1455 (1989)). 
However, there are Ekely to be others including the human placental lactogen receptor (M. 
Reemarfc, M. Comer, G. Kbmer. and S. Handwerger, BtdoGfml. 120, 1865 (1987)). These 
homotogous receptors contain a glycosylated extracellular honrone binding domain, a sffigle 
transmembrane domain and a cytopbsmic domain whfch differs considerably h sequence and 

25 size. One or more receptors are assumed to play a detennihing role h the phy^ological 
response to hGH. 

Pegyiaiton of Proteins 

hGH is given to chlMren with growth deffeiencies and proven to enhance growth. 

30 However, the half-jife of the injected hGH is so short that in order to have high efficiency as a 
phannaceutical, hGH has to be injected at least three times a week and more commonly daily, 
which makes administering hGH a bigger task than some chikben can tolerate. The short half- 
Gfe of hGH is believed to be due to its small molecular weight (22,000 dalton), and rapid renal 
clearance, which has been found to be proportbnal to the molecular weight of protein in 

35 cbculalion. Pegylation. meaning conjugatvig polyethylene glycol (PEG) to protein, was found to 
be an excellent way to increase the molecular weight of protein. PEG is an non-immunogenic, 
linear, uncharged polymer with three water molecules per ethylene oxide unit therefore can after 
the hydrodynamic properties of the cortjugated molecules dramatically (MaxfieU, et ai. Polymer 
16,505-509 [1975]; BaOey. F. E, et al. h Nonkuiic Surtactants (Schick, M. J.. ed| pp.794421. 
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1867)). Several enzymes for therapeutic usage were PEGylated to increase the in half-life 
effectively (AbuchowsW. A. et al, J. BioL Chem. 252. 3582-3586, 1977; Abuchowski. A. et at, 
Cancer Biochem. Blophys. 7, 175-186. 1984). PEGylatlon of IL-2 (Worteukin-2) was also 
reported to increase clrculatoiy He as well as its potency (Katre, N.V. et al. Proc. Hail Acad. 
ScL, 84, 1487-1491, 1987; Goodson. R. et al Bjo/Technology, 8. 343-346. 1990). PEGylation of 
other molecules were reported to have reduced bnmunogenecily and toxicily (Abuchowski, A. et 
al, 1 Biol. Chem., 252, 3578^1. 1977). 

Methods for covaioitly attach&ig polyethylene glycol to proteins was descrbed in 
Davis et al. U.S. Pat. No. 4.179,337. Davis fiUL disclose polypeptkles sitth as enzymes and 
homwMies coupled to polyolhylene glycol orpolypropyl«ie glycol to obtain physiologicaliy active 
non^ranunogenic, water-soluble polypeptide compositions. One of the homuuies named was 
growth homnne, however there were no examples showing any resi^ with any growth 
hoimone. The patented polypeptide compositk)ns are prepared by a process Evolving the 
steps of reacting at least one temninal cart)on atom bearing a hydroxy groiq) from 
polyethyiens glycol or polypropylene {^1 with a coupGng agent to provkle an activated 
polymer having a reactive agent to provide an activated polymer having a reactive terminal 
grot^ and reading a physiologicaliy active ^munogenk; polypeptide w8h the activated 
polymer by ooupBng the polypeptide to the reactive temiinai ^oup of the activated polymer. 
As the coupling agent the patent discloses the use of some 13 poiyfundionat coupling moieties 
induding (a) cyanurfc chloride or fluoride, (b) an acyl azide fornied by readbig the polymer 
with chtorocetic acid, then with diazomethane to obtain the methyl ester of the cartwmethoxy 
ether foHowed by treatment wHh hydrazine which gives the corresponding hydrazkle which is 
then treated wlh nitrous add. to give the acyiazkle. (c) a dihalosuccinic anhydride, (d) the p- 
(flaabenzyl group, (•) the 3-(p-diBZ0phenyloxy)-hydroxy propyhncy group, (f) the 1- 
glycydoxy^2-fiy(toxy^ropyi) butane group, (g) cartwxyamho or thk)cart)onylamino benzyl 
linkage, (h) the 2-{hydroxy-3Karboxy) propyl linkage, (i) an w-andno derivative produced from 
an alkylated PEG such as methoxy polyethylene glycol, subsequently readed with a cartxny 
group of a polypeptkfe. and (j) coupKng of an w-amino derivative of an alkylated PEG with 
maleK anhydride and subsequent readton of the N-PE6<naleimkle with the de^ 
polypeptide. 

The Enzon, Inc. catatog. 'Enzymes fior Biomedicai Use' dated May, 1983 disclosed the 
oommeidal availabOity of certah polyethylene glycol modified enzymes (referred to as 
■PEGzymes") having improved storage stabiiay. resistance to proteolytic digestwn, extended 
btood droulating times, and reduced immunogenicity. Also disclosed are two activated 
polyethylene glycol products for proteoi modification induding monomethoxypolyelhylene glycol 
suocinimMyl sucdnate. A footnote states that, 'For some enzymes such as asparaginases 
this coupling agent yiekfs PEGzymes wtti h^er specific activities.' 

Stabilization and modiiicatwn of enzymes and other proteins by covalent attachment 
to cartwhydrates and polyethyleneglycol has been reported. MarehaO and Rabinowitz. Arch. 
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bfachanLbbphvs.. 167, 77 (1975) and JJkLQjsdlZSI 1081 (1976). noting earlier reports 
that giycopioteins (mostly enzymes) often show unusual stability characteristics compared 
with carbohydrate^free proteins, the fomter being less sensitive to heat and other denaturing 
conditions and mon9 resistant to proteolysis, disctose the preparation of soluble enzyme* 
5 carbohydrate conjugates by coupling (by means of covalent attachment) trypsbi, alpha- 
amylase and beta*amylase to cyanogen bromide activated dextran. The resulting covalent 
con]ugalBs displayed marked resistance to heat inadivation and denaturation. Increased hatf- 
fives, and reduction in loss of acUvHy under conditions favoring autolysis. 

Therapeutic fbnnulations contahihg homtones in combination with antibodies specific 
10 for the honnone were reported to potentate the activity of the hormone provided that the 
eptope specificity of the antibody is chosen appropr^ely. This potentiation or mimicry of 
hormones, such as growth hormone, is disclosed in Astor et al.. 
EP 1372348,10 October 1990. 

Abuchowski etaL J. BfaL Cham.. 252 (1 1). 3578 and 3582 (1977), discbse the 
15 modiflcatton of proteins, specifically, bovine senim albumin and bovine Over catalase. by the 
covalent attachment thereto of nonimmunogenfe methoxyethylene glycols of 1900 Dattons 
(PEQ-igoo, Union Carbide Corp.) and 500 Daltons (PEG-SOOO), Union Carbide Corp.) using 
cyanuric chloride (2,4,64richloro-$-triazin6) as the coupling agent The modified bovine serum 
abumh exhbfted a blood circulatbig life in rabbits simliar to native bovine serum albumin 
20 except that h was not removed from drcuiation by the eventual devetopment of antSsodles. 
Also, the modified bovme senim albumin exhibited substantial changes in properties, such as 
solubility, electrophoretic ntobilfty in acryianide gel, ion exchange chromatography, and 
sedimentalbn, as compared wBh the unmodified protein. Rabbits were immunized by the 
intravenous or by the Intramuscular administration of PE6-1900-catalese. The intravenous 
25 adrrrihlstered antigen did not yieU detectable antibodies agavist PEG*1900-catalase or native 
calaiase whereas the antiserom from intramuscular admhistered antigen contained antibodies 
to PEQ-igoo^atalase and native catalase. PEG-6000-catalase dM not react with either 
antiserum. 

PEG-igoO-catalase and PEG-5000-catalase retained 93% and 95%, respectively, of 
30 their enzymafic activity and PEG-5000-catalase resisted digestion by trypsin, chymotrypsin 
and a protease from Straptonvcas 9riseus. PEG-1500-catalase and PEG-SOOO-catalase 
exhbited enhanced ctroulathg lives in the bkxxl of acatabsemic mfce during repetitive 
intravenous injection and no evkfence was seen of an Immune resp(mse to ihjecHbns of the 
modifeden^mes. 

35 

InsuOrvlike Growth Factor i 

InsuSn-ike growth factor I (IGF-I) is a polypeptide naturally occurring in human body 
fluids, for example, blood and human cerebral spinal fluki. Most tissues, mi especially the 
Fiver, produce IGF-i together with specifte IGF-bindBig protehs. IGR production is underthe 
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dominant stimulatory influence of growth honnone (GH), and soma of ttie IGF-I binding proteins 
are also increased by GH. See Tanner et al, Ada Endocrinol., flj: 681-696 (1977); Uthne ef 
aL, J.ain.&wfecrinQl.Mfitah. m 548- 554 (1974)). IGF-I has been isolated from human senon 
and produced reoombinantiy. See, 6.g., EP 123,228 and 128,733. 

s T»»elwel8 of IGF4 are reported to be reduced by half h 20- month old rats compared 

to 6-monlh old rats (Takahashi and Metters, Free. Sae. Pxp Rint m^^^ jgg; 229-233 (1987)). 
See also FlorinI and Roberts. IQmSsL 35: 23-30 (1 980): Ftorlnl ef a/., Madi. AoBinp n«/ 
15: 165-176 (1981); Chatelain etaL, ffidialllfi. M: 303^ (1989); Ftorihi staL, J.B«ontoi' 
4Q: 2- 7 (1 985); Hafl and Sara. Crmics fci Pnrinrrin anH^fltP^, jj; 91 (1984); Baxter, 
AdvanCBS In Clinical Chemtetry. 25: 49 (1986); aemmons and Underwood, ainfcs in FnrtTg jn, 
smsSsL. 15: 629 (1988); Hintz, MancBs In Pftrifatrirfi 28: 293 (Year Book Medical 
PlADsheis. Inc.. 1981); Johanson and Blizzaid. Tha Johns Honi«mi Madi«i.in.m«.i j^g: 1 15. 
1 17 (1981). the latter five references describing low IGF-I levels h aged men. TTie Hintz. 
Oemmons and UndenMood, and Baxter r^iences are general reviews on IGF-I. 

15 Purthonnore. it was found that among human diptokJ fibroblasts capable of ^Bngh 

aging cultures in vflro. there were few changes in the reguiatton of the growth fractfon by 
platelet-derived growth factor (PDGF) and epkiermal growth factor (EGF), but a greatly 
hcreased dependence on IGF-I for regulation of the rate of entry hto S phase (Chen and 
Rabhovildi. J. Coll. Physiol., m I8-25 (1990)). The authore conclude that the slower growth 

20 of the dividing popuiatkm of calls ki aging cultures may bs related to a requireinent for IGF-I at 
levels that are greatly above those usually supplied. This may be due to ovarpioductton of 
the IQF-I binding protein, IGFBP-3, and. Iherefore, a reductton in IGF-I avaflabilHy to its 
receptor. GoMstein stal., 'CeBular and Molecular AppOcattons to Btotogy of Aging'. AFCR 
Meeting abstract, SeatUe, May 4-5. 1991. 

2S Varfous btotoglcal activities of IGF-I h otherlhan aged mammals have been identified. 

For example. IGF^ Is reported to tower bkxxf glucose levels ii humans (Guler ef a/.. N. Engl. J. 
fidai. aiZ: 137-140 (1987)). Additionally, IGF-I promotes growth In several metabolic 
condiBons characterized by tow IGF-I levels, such as hypophysectomized rats (Skottner af a/., 
JJnilQCL 112: 123-132 (1987)], diabetic rats (Scheiwiiler etal., MSA, 33: 169-171 (1986)], 

30 and dwarf rats [Skottner etaL. Emtecrinobfly. m 2519-2526 (1989)]. The kidney weight of 
fqfpophysectomized rats hcraases substantialiy upon protonged infustons of IGF-I 

subcutaneously (Guler flfaLProeeadinoBrfihfti^R.n^.anr^nr««»fPnA^riTrT^ny W 
abstract 12-390 (Copenhagen. 1987)) The kidneys of SneO dwarf mk» and dwarf rats 
behaved similarly (van Buul-Offers efal.£fidHlL£fiL. 2fi: 825-827 (1986)); Skottner ef a/.. 
35 EmteCfinology. st^a- An additional use for IGF-I is to improve giomenjiar fiitratton and renal 
plasma flow (Guler at a/.. Proc. Natl. Acad .<;ri iwa flg: 2868-2872 (1989)). The anabolto 
effect of IGF-I h rapidly growing neonatal ntts was demonstrated h vivo (Phllipps etal., 
POtfaMcRos. . 23: 298 (1988)}. m underfed, stressed. Hi. or diseased animals, IGF-I levab are 
wefl totown to be depressed. 
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GHendlGN 

GH and IGF-I have been Gnked with bnmunoreguiatory properties. The immune 

response results from tnteracbon of antigens (foreign or non-self moieties) wSh host cells 

5 (lymphocytes) t)earing specific receptors on the surface membrane for these antigens. 

Lymphocytes are grouped into two major classes, T-ceBs and B^lls. 

T-cells originate from the thymus where they mature and differentiate from bone* 

marrow-derived cells. The mature T-cells leave the thymus gland to conthuously circulate 

from blood to lymph nodes mi spleen and back to blood. T-ceDs are further subdivided into 

10 three major subsets: T-hel|per cells, T-suppressor cells, and T-cytotyttc ceOs. T-helper cells 

'he^* other ceOs: B^elts to secrete antibody, cytotoxic ceBs to become functional, and 
macrophages to become activated. This population of T-cells bears ttie CO^ suriface marker 

that is used to Mentify this subset in tissue and blood. 

T-cytolytic cells are responsible for kHlhg target cells such as vlrally Infected cells, 

15 tumor ceils, and allografts. Suppressor T-cells act to limit and temninate the immune 
response. The cytolytte and suppressor T-ceB populations are klentified by the CDg surface 

marker. 

The B-cells, or antibody-forming cells, also derive from Immature precursore found in 
the bone marrow. When nmture, the B-ceOs migrate to afl lymphoid organs except ttie tiiymus. 

20 B-cells Meract wBh antigens by way of antixxly molecules bound to their plasma membranes 
that act as receptor proteins. This surface immunogiobulon Is used as a marker to hlentify B- 
cells in tissue and blood. Followmg hteracBon witti ^igen and T-helper cells, ttie BH:elis 
dSferentiate into antbody-fonning cells called plasma cells. These plasma cells secrete 
antS)ody Mo ttie extraceOuiar matrix. The antbody diffuses into capillaries and circulates 

25 via nonnal blood flow. Thus, ttie senmi immunogtobuln level reflects ttie cellular dynamics of 
ttie bnmune response. 

In many states, chlklren are required to be immunized routinely against such diseases 
as dqphttieria, pertussis, and typhoid (DPT), as well as measles, tetanus, mumps, polio, and 
robella, by administering vaccbies. The B-cell reaction to vaccine is ttie production of 

30 appropriate immunoglobulins, which are intended to confer immunity agaonst ttie disease. 
General^, a particular B-cell will be d*rfferentiated to produce one particular type of antibody, 
and such production is caused by ttie presence h ttie body of one particular type of antigen. 
Hence, when an animal or person has been exposed to a mmiber of dWerent antigens, ttie 
anomal or human will have a number of differ^it B-cells ttiat can produce its particular 

35 fmmunoglobulms when ttie appropriate antigen ts present 

in some situations, ttie immune re^onse to antigen is insirffident to confer immunity. 
That is, a quantity of immunoglobulins is generated (or a number of B-cells are potentiated) 
tiiat is insufficient to confer effective Immunity. 
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It has been known since 1967 that a connection exists between Hw anterior pituitary 
and the bnmune ^em, and specifically with 6H. Two groups of investigators concluded 
from their studies that GH controls the growth of lymphoid tissue (Pieipaoli and SorWn, 
mm. 215: 834 (1967); Baroni, ggzaifialia. ffl: 282 (1967)). Subsequently, Immunologic 
5 function was restoi«d in the pituitary dwarf mouse by a combination of bovine somatotropic 
homione and tttyroxh (Baroni af a/., JomiiDQL IZ: 303^14 (1969)). 

In a sex-linked dwarf chicken strain, bovine GH treatment resulted h enhanced 
anta)ody responses and bursal growth while thyroxine treatment stimuli thymus growth 
(Marsh ef a£, Proc.Soc. B(P.Bl0l. Mfld.. 1Z5: 351-360 (1984)). However, neither treatment 

10 altered immune function in the autosomal dwarf chicken. Bovine Ghl therapy alone partially 
restored Immunologic functim n tmmunodeficient Wetmaranerdogs (Roth etal., Ann. J. Vet. 
fiS8.i5: 1151-1155(1984)). 

Mice with hereditaiy GH deficiency devetop an Inpaimnent of the Immune ^em 
assodated with thymic atrophy, bnmimodefidency. and wasting, resulting in a shortened fife 

IS expectancy (Frabris flfa/..CIin. Exp. Immunol., fl: 209-225 (1971)). It has been shown that an 
age-associated decline In the plasma concentration of thymuGn (a thymic honnone) oocure and 
that plasma thymulin concentration Increases in bGH-treated mkldle-aged and oki dogs (Golf 
ef at, ClllLfillLjtaBmiIKd..fi&: 580-567(1987)). The authors suggest that eiffigenous GH may 
be useful for restoring some immune functtons in aged indivkluals. Further, administratkm of 

20 hGH to C^ysi/eJ mke was found to reveree the inhibiloiy effect of prednisolone on thymus 

and spleen celluiaiity and on natural killer activity; admifiistratton of hGH without prednisokme 
had no effect, although at higher doses i induced a decrease of thymic parameters and 
natural killer activity with no effect on spleen ceUularity, and relative weights (Franco et aL, 
ActaEndocrinotoqlefl 123: 339^ (1990)). 

2S It has also been shown that GH induces T-cellproKferatkmbi the thymus (Murphy ef 

aL, FASEB MMting ^stract. Atlanta, Aprfl 1991; Durum atal.. FASEB Maating Abstmrt 
Atlanta, April 1991). For recent reviews on the immune effects of GH, see Kelley, 'Growth 
Homione in Immunobtobgy,' in Psvchoneumimmijnnlnqy li 2nd Ed, B. Ader et aL, eds., Acad. 
Press 1990, and Ammann, "Growth Homione and Immwiily," bi Human Growth Homrone- 

30 Prgqress and Challenges. L Underwood, ed.. Marcel Dekker, Inc., New York, (1 988), pp. 243- 
253: and Welgent and Btatodc, Pmo. NamBidtwin^^ 231-241 (1990). it has been 
reported that the activily of all major immune cell types, InchKfing T-cells. BK:ells. natural 
killer (NK) cells and macrophages, can al be altered by GH (KeOy. BkxAam. Phaimacoi.. ag; 
705(1969)). 

35 One report states that tocaily generated IGF-I mediates GH actkm on T-lymphocytes 

through the type I IGF receptor (Geflner etal., J. CHn. Endocrin and Mnmh 21: 464 (1990)). 
Abo. Franco etal., on p. 343, speculate that some of the effects of hGH on the immune 
system occur via IGF-I. Timstt et al. at the Ehdocinte Society 73rd Annual meeting. June 19- 
22, 1991. Abstract 1296 reports hGH and IGF-I slknulate Ihymk: honnone predudion. 
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There have been data published documenting the ability of cells of the &nmune s/stem 
to produce IGF-I*llke moiecules. These include activated alveobr macrophages [Rom ef a/., iL 
Clin. Invest., fig: 16B5 (1988)], human B-lymphocytes transfonned with Epstein-Ban- virus 
(Merimee etal., J Crn. Endocrin. Metab.. ffl: 978 (1989)), spteen and thymus tissues through 
5 ripterflnnnf mRMAfflr IGF-I (Murphy fl/fl/,. Endocrmoloov. 120: 1279 (1987)], and normal T- 

ceDs [Geffner ef aL, supm]. 

Data have also been presented suggesthg that IGF-I produced locally in tissuea such 
as the thymus or inflammatory sites might affect the growth and function of IQF-l-receptor- 
bearihg T- lymphocytes (Tapson ef a/., J. crm. Invest.. 82: 950-957 (1988)). A statistically 

10 significant increase in thymus and spleen weight of hypophysectomized rats Mused for 1 8 
(teys with IGF-I was obsenmd as compared to control or treatment with GH (Froesch et aU in 
Growth Homione B afife and Clinical Aawds. eds. 0. Isaksson Of a/, p. 321-328 (1987)). Also 
reported was an increased thynric tissue in young GH-defident rats treated wSh IGF*I [Guler 
era/., Proc. Natl. Acad. Sd. USA, fig: 4889-4893 (1988)] and an bicrease in the s[rieen of 

15 dwarf rats [Skottner ef at, Endocrtnoloov. supral Others have shown repopulation of the 
atrophied thymus in diabetic rats using either iGF-l or insulin; however, when the rats were 
immunized with bovine serum albumin (BSA) and boosted, there was no effect of insulin or 
IGF-I on the antibody response despite large effects on thymte and splenic size (Binz ef a/.. 
Pmc Matt. Acad. Srj. fUSAV 87: 3690-3694 f199Qtt. IGF-I was reported tO Stimulate 

20 lymphoc^e prolferalton (Johnson et aL, Endocrine Sodety 73rd Annual Meeting, June 19-22, 
1991. Abstrad 1073). 87. 

Furthemnore, IGF-I was found to repopulate the bone marrow cavity with 
hematopoietic celb [Froesch ef a/., supra], stimulate erythropoiesis in hypophysectomized rats 
(Kurtz flf fl/- Proc Natl. Acad. Sci. OJSA). 85: 7825-7829 (1988)). and enhance the maturation 

25 of morphobgicaBy recognizable granukxiytic and erythroM progenitors h suspend cuhures of 
marrow ceBs (Merchav ef a/., J. Clin. Invest., SI: 791 (1988)). 

At nanomolar concentrations, IGF-I is a growth-promothg factor for lymphocytes 
(Schonpff flf a/.. Acta gndocrinoL. M: 21-25 (1983)), B-cells, but not T-cells. have recently 
been shown to possess receptors for IGF-I (Stuart efa/., J. Clinical Ehdo. and Mat.. 22: 1 1 17- 

30 1 122 (1991)). Also. IGF-l. as a chemotadic for resting and activated T-ceDs, stnnnulates an 
increase oi thymkline incorporetion into resting and activated T-cells. Normal T-oell lines show 
augmentation of basal colony formatton in response to IGF-I (Geffner ef a/., si/pra). It Is also 
stated on p. 955 of Tapson ef a/., J. Clin. Invest- ^ 950-957 (1988) that IGF-I produced locally 
in tissues such as the thymus or inflammatory sites might aff^ the growth and fundion of 

3S IGF-i receptor-bearing T lymphocytes. However, IGF-I is reported to suppress fti a dose- 
dependent manner IL-2-(nduced proliferative responses and raCro antbody responses of 
splenocytes (Hunt and Eardley. J. Immunoi.. lag: 3994-3999 (1986)). 

There is a need In the art to supply a reagent that will stimulate the immune system 
of a mammal or avian, whether the immune response is cell-mediated or antibody-mediated. 
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There is a particular need for a reagent that wiU t)oost the antibody response of patients wSh 
compromised immune systems to antigens to which they are exposed. In view of the 
controversy In the art surrounding IQF*1, it is unclear what its effects would be in increasing 
bnmune function, as opposed to merely increasing size of organs involved in frnmune function 
5 such as the thymus and spleen, or in increasing the activity of T- or B-cells in vibo or in v/vo. . 
It is therefore an object of the present invention to stimulate the immune response of a 
mammal or avian. 

R Is a particular object to increase production of immunoglobulins by bicreaslng the 
number of immunogIobulb*pioducing cells and/or by increasing the amount of immunoglobulb 
10 produced by the individual immunogloburtn-producing ceBs h response to the predetermined 
nvnunogen. 

It is a more particular object to increase antibody responses in patients wtth severely 
hampered immune systems, such as patients who receive bone marrow transplants or in 
AIDS patients. 

15 It Is an object of the present Invention to devetop a method of preferentally stimulating 

the growth or development of the onmune system through the administration of GH containing 
conqx>sUons. 

It is an object of the present invention to devise methods of therapeutic use of GH 
containing conqx^itions wherein the composition may be administered intemnittently, such as 
20 every three or more days. Other objects, features and characteristics of the present 
invention will become more apparent upon consideration of the following description and the 
appended claims. These and other objects will be apparent to those of ordinary si(ill in the art 

SummanyoflhelfwgfttlQn 

25 Described is a method for the use of growth hormone comprishg therapeutic methods 

which result in the continuous presence of a therapeutically effective amount of GH. in one 
application of this method, continuous GH presence can be achieved by the use of a catheter, 
insulin pump or implanted diffusion device which slowly administers a dose of GH which results 
In the stimulation of the Immune system leading to an improved bnmune response. In a second 

30 appiicalion of the method of the present invention, continuous presence of GH is achieved by 
coupling of GH to other macromolecules that results In an improved half-life of GH thereby 
faciOtaling the continuous presence of a therapeutically effective amount of GH. Among the 
preferred macromolecules that result in continuous presence of GH are 1} growth hormone 
binding protein; 2) covalently attached polymers such as polyethelene glycol, polypropylene 

35 glycol or carbohydrates; and 3) other macromolecules such as proteins, fipids, or glycolipids 
that reduce clearance and are not immunogenic. 

The continuous presence of GH when combined with a mcK^ronrioiecule causing an 
hcreased senim half-life results in a therapeutic composition which may be Ihtenmiltently 
administered. Such intemtittent administration may be once every three days or more, more 
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prefeiably every six (toys or more. Disclosed are novel modified forms of hurran growth 
homione (hGH) having specific andno acid residues modTrad by covalently atladiing 
potyethyleneglycol (PEG). Also described is the use of PEG-GH to achiwe optimum growth 
wUh ihtenmittent administratioa Further disclosed is the therapeutic use of PEG-GH or GH, in 

5 combination with IGF-I, in stimulating the development of the bnmune system. Also disclosed 
are novel therapeutic hGH administration methods and compositions that exhibit efficacy with 
oitennittent administration. Acoordingty, the present invention provides a method for 
stimuiafing a mammars or aviai's immime system oomprishg adnrinislerhg to the mammal or 
avian an immune-stimulating effective amount of a GH containing composition. GH may be 

10 used h combination with IGF-I h a method of immune simulation. 

In a more particular aspect, the inventkm provides a method for increasing a 
mammaTs or avian's antibody response to an immunogen comprising administering to the 
mammal or avian the immunogen and an effective amount of GH and IGF-I. This use of GH. 
PEG-GH, with or without IGF-I, may be considered as an endocrhe or honnonal ad^nt for 

15 the immunization process. Preferably, this administration is concurrent and is foBowed by 
boosts of DTimunogen at shortened intervals relative to Immunization methods when no GH and 
IGF-i are given. Therefore, the invention provides co-admhistration of effective amounts of 
IGF-I and GH for stsnulating the immune system. This honnonal adjuvant, that is the use of 
GH or of GH plus IGF-i as an acQuvant to promote the immune response, is applicable to any 

20 antigenic substance. Most preferably the antigen is derived from microorganisms, vinises and 
tumors. 

In still another aspect, a method is provided of increasing the amount of 
immunoglobulin produced by B<el\s of a human or other mammalian subject in response to an 
immunogen, where said subjedt suffers from a condition in whidi insufiictent onmunoglobulln 
25 production occurs, comprising acbninisterhg to the subject an effective amount of GH and IGF* 
I, the amount being effective to increase the production of immunoglobulh. 

In a stiB further aspect, the invention provides a method of mcreasing the T-cell 
responsiveness in a human or other mammalen subject in response to an immunogen, where 
said subject suffers from a conditton in which insufflcient T-helper or T-cytolytic activity 
30 occurs, comprising administermg to the subject an effective amount of GH and IGF-I, the 
amount being effective to increase the T-heiper or T-cytolytic activity. 

Studies w8h GH have shown that bone ^wth may be siimuiated by regular bolus 
doses of GH, between the bolus doses fiie GH senim concentretion falls to very low levels. 
Such bolus daily doses of GH are not effec^e at adiievhg a continuous GH presence 
35 sufficient to stimulate the immune system. The present invention (fiscovered that the 
contnnuous presence of results in the stimulation of the immune system and that such 
continuous presence can be achieved by the use of a GH fonnulafion. 

The intenniltent adrranistration of GH is not a therapeutically effective use of GH to 
stffnulate the bnmune system. Stimulation of the nmmune system requires the contoiuous 
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presence of GH. Intermittent administration of GH can result in the continuous presence of 
GH when the GH is complexed with itself or with another macromolecule such that the GH is 
not cleared from the plasma, intermittent GH use is defined as administration every 3 or 
more days, preferably eveiy 6 or more days. This unexpected use of GH in combination with 
5 a macromolecule such as PEG or oovalent attachment to other large polymers results in a 
therapeutic composition that may be administered at Intermittent Inten^als yet results in the 
continuous presence of GH in the plasma. Continuous presence GH results in the unexpected 
stimulation of the vnmune s^em A second unexpected result of usbig GH oomplexed with a 
macromolecule is the stimulation of the gmwth dl other tissues such as bone and muscle when 
10 compared to GH not complexed to a macromolecule and intennittently administered every 6 or 
more days. The administnertlon of GH oomplexed to a macromolecule. such as PEG. thus 
surprisingly results In the stbnulation of bone and other tissues even when GH administration 
is intennittent. 

15 Stimulation of Immune System 

Prevtously growth homione secreted by administered GH secrethg tumor cells has 
been shown to stimulate growth (Kelley, Biochem PhannacoL. 38 705» 1989). Growth honnone 
and growth honnone receptor have been dtown to be present wHhin the cells of the immune 
system. However there has been no indication that GH admhistration would result \s\ a 

20 therapeutically useful stimuiation of the immune system of nrtammab or birds: The 

administration of GH alone, or GH in combination with IGF-I stimulates the immune system, 
most preferably when GH is continuously present in the blood plasma and body tissue fluicb. 
Surprisingly, the continuous presence of GH results in the stftnulation of immune responsive 
tissues, such as the thymus and spleen. 

25 A preferred fomn of GH is GH in combbatlon with a macromolecule ttiat increases the 

plasma half-He of the GH. Such macromolecules include polyethylene glycol, polypropylene 
glycol, carbohycrates. lipids, and protehs. Among the preferred pmteins are the GH bintfng 
protebis. anta>odles and abumin. The most pretened fomn of GH e pelleted GH. Preferred 
formulations for admhistration to hduce the continuous effective plasma concentrations of 

30 GH include GH with one or more pegybted lysine or methionine residues. 

While recent studies in whole animals have shown that I6F-I can cause increased 
spleen and thymus weights in GH-def ident animals, these studies have not progressed beyond 
descr9)ing a gross change in thymus and spleen size or in ceil number. Other manipulations of 
the size of the spleen and thymus have been shown not to be associated with an effect on 

35 function (Jardieu and Fraker, J. Immunol.. j2i: 2650-2655 (1980)). Furthermore, the B'mz etaL 
article died above utilized a cfiabette rat model where insulin and iGF-l would affect diabetes 
and therefore aid all tissues in the body, and IGF-I and insulin were found to have no functional 
effect on antibody titer. 
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In view of this art, the present invention represents an unexpected finding that not 
only are the spleen and thymus weights increased upon administration of GH conta&ilng 
compositions, but also the function of the thymus, spleen, or lymph nodes, as indicated by 
increased size and cell numbers in response to IGF-I. The Decrease in cell number and 
5 responsiveness translates to an increased production of antibody by these cells in response to 
an antigen. This method would be useful \n treating patients having compromised immune 
systems such as AIDS patients, in whom increased antibody response to antigens would ward 
off, or decrease the severity of, infectious diseases and in whom vacdhes could be made 
more effective. 

10 Brief DescrlDtfan of the DrawinQS 

Rgure 1: figure 1A is a plot of the spleen weight gain in rats following treatment with 
various doses of excjpient, GH or GH plus GHBP for 7 days; figure IB is the same spleen 
data pidtted as a percent of whole body weight. 

Rgure 2 is a graph of thymus weight in hypox rats fbllowihg trealment wilh various 
IS doses of hGH. PEG-1 hGH or PEG-2 hGH. 

Hgure 3 is a graph of whole body wei^t gain after 24 days in hypox rats receiving 
treatment with excipient. PEG-S daOy. every 3 days or every 6 days; or hGH daily, every 3 
days or every 6 days. 

Rgure 4 is a graph of the thymus weight fbOowing ttie same treatment as in figure 3. 
20 Rgure 5 is a time plot for 16 days of whole body weight gain following treatment with 

excipient, hGH every 6 days, hGH daily. PE64iGH daily or PEQ-hGH every six days. Ail 
groups received O.lmg/kg/day of hGH. 

Rgure 6 is a graph of body weight gain in aged rats treated with excpent. IGF-I» 
hGH,orlGF-lplushGH. 
25 Figures 7A. 7B, and 7C provide graphs on the splenocyte number, splenic T«cell 

population number, and splenic B-ceD number, re^ectively. after 7-day IGF-I trealment or 
e)»ipient treatment. 

Rgures 8A, SB, and 8C provide graphs on the ^lenocyte number, splenic T-ceil 
population number, and splenic B-ceO number, respectively, after 14-day IGF-I, GH or excipient 
30 trealment. 

Rgure 9 represents a graph of the number of thymocytes after 14<day IGF-I 
treatment, hGH treatment, IGF-I control treatment, and hGH control treatment. 

Rgure 10 represents a graph of the mitogenic responses 14 days after initiat excipient 
or IGF*I or hGH treatment of mice using the mitogens LPS (Rg. 10A), Con A (Rg. 10B), or 
35 PWM(Rg.10C). 

Rgures 11 A, 11 B, and 11C provide graphs on the splenocyte number, splenic T-cell 
populatibn number, and splmic number, respectively, after 14-day treatment with 
excipient, IGF-I. hGH. and IGF-I plus hGH. 
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Rgure 12 represents a graph of the number of thymocytes after 14-day IQP-I 
treatment. hGH treatment, and IQF-I plus hQH treatment 

Rgures 13A, 13B, and 13C represent graphs of splenic lymphocyte numt)er, splenic T* 
ceD subpopulation number, and splenic EkeO number, respectively, 7 days after the end of 
5 exciplent, IGF-I, hGH, and IGF-I plus hGH treatment. 

Figure 14 represents a graph of the number of thymocytes 7 days after the end of 
excf}ient, IGF*I. hGH» and IGF-I plus hGH treatment. 

Figure 15 represents a graph of the mitogenic responses 7 days after the end of 
excipient, IGF-l. hQH, or IGF-I plus hGH treatment of mice using the mitogens LPS (Rg. 15A), 
10 Con A (Rg. 15B), or PWM (Fig. 15C). 

Figure 16A mi 16B represent graphs of the lymph node ceO number and lynqsh node 
T-celi populations, respectively. 7 days after the end of excipient. IGF-I, hGH, and IGF-I plus 
hGH treatment. 

Figures 17A, 178. and 17C provide graphs on the splmic lyrnphocyte number, splenic 
15 T-ceB populatton number, and splenic B<ell number, respectively, 21 days after the end of 
excpient, IGF- 1, hGH, and IGF-t plus hGH treatment 

Rgure 18 represents a graph of the number of thymocytes 21 days after the end of 
exc^ient. IGF-i. hGH. and IGF-I plus hGH treatment. 

Figure 19 represents a graph of the mitogenic responses 21 days after the end of 
20 excipient. IGF-I. hGH. or IGF-I plus hGH treatment of mice using the mitogens LPS (Rg. 19A). 
Con A (Rg. 198). or PWM (Rg. 19C). 

Rgure 20 shows the concentration of anti-dinSrophenyl-ovalbumin IgG (Rg. 20A) and 
total IgG (Rg. 208) in ^g/ml in the senmi of mice as a function of the number of weeks since 
the first immunization with dinitrophenyNivalbumfri conjugate (Day 0, designated AG), wherein 
25 at week 3 (Day 20) the mice were boosted with conjugate and given excpent or IGF-l. 

Figure 21 shows the weight gain changes for mice with and without transplanted bone 
manow and treated with exdpient or 40 tig or 120 ^g of IGF-I. 

Rgures 22A, 228. and 22C show graphs of peripheral blood lyn^)hocyte 8^lls. T-cell 
subpopulatlons, and H/S ratio, respectively, 14 days after irradiation of mice with 
30 transplanted bone marrow and treated with excipient. 40 ^g IGF-I, or 1 20 iig IGF- 1. 

Rgures 23A. 238, and 23C show graphs of splenic lymphocyte number, splenk: T-cell 
subpopulatkms and splenic &cell number, respectively. 14 days after inadiatton of mice with 
transplanted bone manow and treated with excipient. 40 (ig IGF*I. or 120 ^g IGF- 1. 

Rgure 24 represents a greph of the mitogenic responses 14 days after irradiation of 
35 mtee with tran^lanted bone manow and treated with exc^ient, 40 \ig IGF-I. or 120 iig IGF-I 
using the mitogens LPS (Rg. 24A). Con A (Rg. 248), or PWM (Rg. 24C). 

Figures 25A, 258. and 25C show graphs of per^heral blood lymphocyte 8<ells. T*cell 
subpopulattons. and H/S ratio, respectively. 21 days after inadiatton of mice with 
transplanted bone marrow and treated with excipient. 40 |ig JGF-I, or 120 (ig IGF- 1. 
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Figures 26A, 26B. and 26C show graphs of total splenocyte number, T-cell 
subpopulations and splenic B^eB number, respectively. 21 days after inadiation of mice wHh 
transplanted bone manow and treated with exciplent. 40 \ig IGF-I, or 120 (ig IGF- 1. 

Rgure 27 represents a graph of the mftogenic responses 21 days after lna(fiatton of ^ 
5 mice with transplanted bone manow and treated with exciplent, 40 (ig IGF-I. or 120 M IGF-I 

using the mitogens LPS (Rg. 27A). Con A (Fig. 27B). or PWM (Fig. ZTQ. ♦ 

F^ure 28 represents a graph of thymic lymphot^te nunter 14 days (Fig. 28A) or 21 
days (Fig. 28B) after irradiation of mice with transplanted bone manow and treated with 
excipient. 40 |xg IGF-l, or 120 IGF-I. 

10 

naMitettonoitfiBPretBn«lEmtx)dimenta 

A-DeHnMone 

As used herein, 'stimulating an inunune ^em* rsfere to increasing the immune 
function of a mammal or avian, whether the increase is due to antibody mediation or cell 
15 medat'nn, and whether the immune system is endogenous to the host treated with GH or GH 
plus IGF-I or is transplanted from a donorto the host recipient given GH or GH plus IGF-I (such 
as bone manow transplants). For example, the stimulation may result from an increased 
number of splenic cells such as splenic lymphocyte number, spienfcT-cel populallonnumber 
(T-cell, CO4 and CDg), or ^lenic B-cell nuid>er. or from an Increased number of tnymoqrtw. 

20 Other ceOs Ihvolwd in the Branune system response tndude nahjral kfller cells, macrojrfiages. 

and neumphils. In adcfilion, the stimulallon may be due to an inosase in antbody production in 

ruponse to an immunogen. 

As used herein, the expressions 'compfomised immune system' and 'condition in which 

insufficient immunoglobulin production occurs' signify the immune system of humans as wefl as 
25 an&nals that have a smaller antibody response to antigens than nonnal, whether because 

their spleen size is smaller than ft should be, whether the spleen is only partially f unctionai, 

whether <&ugs such as chemolherapeulic agents are suppressing the nonnal bimune function. 

whether the animal is hincSonaliy IGF-I (or GH) deficient, or due to any other factor. 

Examples include aged patients, patients undergoing chemotherapy or radiation therapy. 
30 recovering from a maior illness, or about to undergo surgery, patients wUh AIDS, patlenis 

with congenital and acquired B<ell deficiencies such as hypogammaglobullnenda. common 

varied agammagtobubiemia, and selectiire hununoglobuin deficiBncies. 0.9., IgA deficiency. 

patients Mected wflh a vims such as rabies with an incubation time shorter tttan the immune 

response of the patient, and patients wUh hereditary disordere such as diGeorge syndrome. , 
35 The mammab and avians potentially affected here&i hclude mammals and avians of 

economic hiportance such as bovine, ovine, and pordne animals, as weO as cWdcens and 

turkeys. The mammals may exhibit a splenic alrophy and subsequent loss In B<ell number 

and function. Iheprtferred mammal herein Is a human. 
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As used herein, "IGF-P refers to insulin-ISce growth factor from any species, Including 
bovine, ovine, porcine, equine, avian, and preferably human, \n native-sequence or in variant 
form, and from any source, whether natural, synthetic, or recombinant. Preferred herein for 
animal use is that fonn of IGF-I from the particular spades being treated, such as porcine IGF- 

5 I to treat pigs, ovine IGF-I to tMt sheep, bovbie IGF*I to treat cattle, etc. Preferred herein 
for human use is human native-sequence, mature IGF-I, more preferably without a N-terminal 
methionine, prepared, ag., by the ptocsss described In EP 230369 published August 5, 1 987; EP 
128,733 pubfished December 19. 1%4; or EP 288,451 pubB^ed October 28, 1988. More 
preferably, ttiis native-sequence IGF-I is recombinantly produced m6 is available from 

10 Genentech, Inc., South San Francisco, CA for clinical investi£^ns. Also preferred for use is 
IGF-I that has a specific activSy greater than about 14,000 units/mg as detemnined by 
radioreceptor assay using placenta membranes, such as that available from KabiGen AB. 
Stockholm, Sweden. 

The most preferred IGF-I variants are those described in PCT WO 87/D1038 published 

IS Febniary 26, 1987 and in PCT WO 89/05822 published June 29, 1989, £a. those wherein at 
least the glutamic acid residue is absent at position 3 from the N-temfiinus of the mature 
molecule or those having a deletion of up to five amino acids at the N-tennbius. The most 
preferred variant has ttie first three amino acids frem the l^terminus deleted (variously 
designated as brah IGF, tIGF-l, des(1-3)-IGK or des-IGF-l). 

20 Recombinant human IGF-I [available comntercially from KabiGen AB, Stockholm, 

Sweden (specific activity > 14,000 UAng by radioreceptor assay using placental membranes) 
or available for dinical investigations from Genentech, Inc., South San Francisco) was 
employed in all the IGF-I experiments detailed in the examples. The IGF-I was dissolved at 5 
mg/ml in 10 mM citrate buffer and 126 mM Nad, pH 6.0. This IGF-I was adhninistered to 

25 three species, /.a., rat, rabbtt, and mouse, to observe its effects on spleen and thymus weight. 
Dose-response studies were performed in the mouse and rat, and IGF-I was given to the rabbit 
with similar effects. In addition, B- and T<ell numbers and responses to mitogenic stimulation 
were evaluated In ttie mice. Two animal models of GH deficiency and therefore IGF-I 
deficiency were used to demonstrate the effect of IGF-I on spleen and thymic weight and sbe. 

30 A third model of GH and IGF-I deficiency is the aged animal Aged (iS-month-oM) rats were 
used to demonstrate the effect of IGF-I on splejdn and thymic size, cellulants aichilectura, and 
h vftro response to mitogens. Also, adult ovariectomized rats, with nomial senim IGF-I 
concentrattons. were used to demonstrate the effect of IGF-I on spleen and thymus in an 
anffnal that was not IGF-I deficient . 

35 As used herein, 'GH" refers to growth hom(K)ne from any species, including bovine, 

ovine, porcffie, equme, avian, and preferably human (hGH), in native-s^uence or in variant 
fomt, and frem any souree, whether natural, synthetic, or recombinant. This includes both 
Met-hGH [U.S. Pal. No. 4,755,465 issued July 5. 1988 and Goeddel etal^ Nature. 282: 544 
(1979)], which is sold under the trademaric PROTROPIN® by Genentech. Inc. and is identical 
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to the natural polypeptide, with the exception of the presence of an N4enninal n^ionine 
residue, and recombinant hGH (rhGH), available to clinical and research investigators from 
Genentech, Inc. under the trademark Nutnybi, and commercially available from E\ URy, that 
lacks this methionine residue and has an amino acid sequence identical to that of the natural 

5 hormone. See Gray etal., BtotechnQlodv. 1 161 (1984). Both met-hGH and rtiGH have 

equivalent potencies and phaimaookinetic values (Moore et aL, supra). Another suitable hGH ^ 
candidate is an hGH varent that is a placental fomi of GH with pure somatogenic and no 
tadogenlcactivily. U^.PaL No. 4,670^3 Issued 2 June 1987. Other examples of GH 
variants are described in WO/9Q/D4788 published 3 May 1990. In addltton to GH, other 

10 molecules whkii have the same activity are mcluded wHhIn the functional meaning of growth 
hormone, for example fragments of GH or antibody specific for GH receptor which stimulates 
a GH response, to addition, any other therapeutic agent that causes a ccHitinuous expresskm 
of GH by manfpulatbig endogenous GH secretion wiO fall wKhin the functional deftnBion of GH. 
For example, an hcrease in continuous expresston of GH may be achieved by the 

15 admhisbation of steroU homiones, for example estrogen and testosterone. The use of such 
agents that increases the endogenous preducHon of GH resulting in the continuous presence of 
GH thereby stimulating the immune system, and other responsive tissues. 

As used herein, the expression "intenniltent administration'' or the temi "intemriittenf 
both refer to the therapeutic use by injection, or other suitable methods, such as bmg or nasal 

20 adminbtration, of GH or GH plus IGF-I fonnulalkm h a short tfrne htenral, generally less than 
60 minutes, preferably less than 30 minutes and most preferably in less than 10 minutes. 
There is delivery of a bolus of GH or GH plis IGF-I. This intemnittent bolus delivery of the GH 
oontahbig therapeutic conposition may be every three or more days, preferably every 4, 5, 6 
or more days, and roosX preferably every 7. 8, 9, 10. 12. 14. 16, 18, 21 , 24 or more days. 

25 As used herein, the expression 'continuous presence' refers to a therapeutically 

effective plasma, semm or intracellular fluM concentration of GH or a GH variant. The GH Is 
present in detectable anwunts. at a concentratton sufficient to stimulate GH responsive 
tissues, and the level present is not below a level the GH responsive tissues respond to as GH 
free. 

30 As used herein, the expression 'hcreasong antB)ody response to an immunogen* refere 

to raising the semm immunoglobulin OgG. IgA or IgM) titer of an animal in response to a boost 
of the antigen against which the antbody is directed. Indicators of hcreased antibody 
response include an Increase in the productkn of anfbocfies to booster shots of immunogen, as 
wen as an increase in the number of B-cells in the patienL The immunogen can be any that 

35 ra*se antibodies directed thereto, but preferably Is a vims, including a vaccine, or a bacterium. 
The invention is partk:ulariy useful for those instances where the marmiai or avian Is infected 
wBh a vims that has an incubation tbne that is shorter than the immune response of the 
mammal or avian, such as. B.g., rabies. The IGF-I herein decreases the intenral between 
prbnary and secondary immunizattons orbetween secondary immunizaiton and siAsequent 



93/00109 



17 



PCr/US92/04489 



boosts of immunogen. The invention is also useful h promoting immunization through the use 
of GH or GH plus IGF-I as hormonal adjuvants to increase both the rate of antibody 
production, and the amount or magnitude of the immune response. This honmonal adjuvant 
also mcreases the cellular snmune response. 

As used herein, ttte expression 'increasing the T-cell responsiveness to an immunogen' 
in a subject suffering from a condition in which insufficient T4ie(p or T-cytoiytic activity 
occurs refers to raising the level of T-helper and/or T-cytolytic cell activity of the mammal in 
response to an frnmunogen to which T- ceDs are responsive, including viral antigens, tumors, 
bacteria, etc. A subject wHh insufficient T-help or T-cytolytte activity Is a mammal that has 
less than the nomial number of T-helper and/or T- cytolytic cells (as determined, 0.g., by 
CD^CDg marlcers) necessary to, for example, secrete antibodies, activate macrophages, 

and Icfli target cells such as virally infected or tumor cells. 

As used herein, the expression 'restore immunty' in a mammal means to brmg the 
level of bnmtmity of the manrnal back to normal, whether by restoring splenic or thymic cells 
or by increasing T- cell re^onsiveness or the amoiffit of immuioglobulin produced by B- cells. 

As used herein, the expression mammal refers to any mammal but especially 
primates, bovine, ovine, canine, fefro. equine and rodentia. Specifically it includes human, 
cows, horses, rats, mice, rabbits, moniceys, cats, dogs and pigs. 

B. ModesforCafnrlnaQuttheliwiintlQn 
PEG-hGH Summary 

We have made PEGylated hGH and PEGylated hGH-hGH binding protein complex and 
show the increased half-Bfe in phannacoiclietic studies and higher potency in rat weight gain 
studes. Immunogenlci^ and toxicay in mice have also been studied. Random PEGylation and 
site directed PEGylation were both used and characterized. 

The present invention dearly shows that the s.c. admintetration of hGH as a 
continuous infusion or PEG-GH as daily or infrequent entemfiittent injections are optimal modes 
of GH delivery to affect the growth of the thymus and to stimulate the immune system. 

PEG-GH is a particularly attractive method of practichg this bivention. In one 
example we show that only 2 injections of PB3-S hGH 6 days apart leads to a brge 
overgrowth of the thymus. In another example, we show that smaO doses of hGH gWmt for 
24 days are ineffective at stimulattng thymic growth, yet the same doses <rf PEG-5 hGH 
greatly increase thymic size. Of great utiMy to the practice of the bivention is the 
demonstration that to achieve optimal thymic size the PEG-5 hGH should be delivered as 
infrequent injections, in the rat at intenrals of every 6 days. Simibrly for other GH dependent 
responses, intemuttsnt GH administration of PEG-hGH results in supertor growth stimulation. 
In another example we show ttiat met-less hGH also has the desired efficacy when it is 
pegylated. GHBP in combination wUh GH results in similar stbnulation of GH responses and It 
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may be administered intermStentiy. High level continuous infusion of GH will achieve similar 
slimutation but wflh the use of substantiaHy greater amounts of GH. 

The mechanism of the enhanced effect of continuous hGH on thymic growth is 
unknown. It b known that optffnai GH responses are seen on whole body or bone growth after 
5 pul^tOe GH dePivery. One ml0it therefore predict that the growth of the thymus wouM also 
be opt&ral wBh a pulsatile method of hGH administratton. There are enzynra systems in the 
Over where different isozymes are produced depending on ttie pattern of GH exposure, some 
are optimally stimulated by oontihuous GH exposure. The mechanism of how the Bver senses 
cordhuous or putsatfle patterns Is unknown. The magnitude of this effect was quite surprising 
10 as S was possible to administer GH in different pattems that had an equal effect on whole 
body growth yet an almost all or none effect on the thymus. 

We have shown that the thymus is rastored in weight and in function by IGF-1 , GH, or 
IGF-1 4- GH administration; that this increased mass is accompanied by an increased number 
of thymocytes, and thai the ceOs produced m true precursor cells for T-ceOs. The increased 
15 mass of the thymus, its rejuvenation in fact, found in the present invaitk)n is translated into a 
positive beneficial effect on the bnmune system as determined by antibody production, B<eD 
count or T-ceB count. 

It would be expected that in man GH would have a benefteial restorative effect on 
ffnmune function in patients whose T-ceDs of the immune system are tackffig or defidenL Thb 
20 invention, therefore, provides the basis for a mode of adhiinfstration of met hGH, metless 
hGH, and particulariy of PEG*5 hGH (both met hGH and metless hGH) which appears to be 
the most effective form of hGH at producing this response. In addition, PEG-hGH, since it can 
produce the response equi\^lent to that of a continuous mode of mlministration. but using 
infrequent ejections, seems the most effective and practical way to stffnulate those hGH 
25 responsive tissues that preferentially respond to continuous hGH presence. 

hGH Thymus Effects 

in the present invention, we made the surprsing finding that the response of the 
thymus to GH is very dependent on the pattem of GH administration. The surprising aspect 

30 of the discovery is that the response of the thymus Is optimal under a continuous exposure to 
GH. Other growth responses to GH. for example those of the whole body or of bone growth, 
previously were found optimal when GH was given \n a pulsatile manner. We are unaware of 
any other GH4nduoed growth response 0ial is optimized by a continuous GH exposure. 
We first became aware of this use of GH in an experiment comparing 

35 the effects of daily GH injecttons and continuous GH fusions in hypox rats. The continuous 
GH was much more effective at stimulating thymte gmwth than was the same dose of GH 
9ven by daily inlection. We then looked more dosely at results obtained from acbninistering 
PE6-GH to hypox rats. Again PEG-GH gave much greater thymte growth than did 
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unmodified hGH. We observed this effect wilti botti pegytated met-ttGH (protropin) and 
pegylated metlBss hGH (rtiGUH or nuUDpin). 

MetiiodsofliGHPegylatton 

5 1. PEGvlation with mflltioxDOli/elhvlBnfl fllwenl aktohyi te flXa-PEQ aMBhyda^ bv rBdudh/a 
alleviation and p»rHi«rtlnn 

To 2mg/M of hGH in PBS pH 7j0. 5mM of Me-PEG aldehyde-5000 (molecular weight 
SOOO daiton) and 20mM of NaCNBH3 were added and gentV mixed at room temperature for 3 
hours. Ethanolamine was then added to SOmM to reductively amidate the remaining unreacted 

10 Me-PEG. The mixture was separated on anion exchange column, FPLC Mono Q. The surplus 
unreacted Me-PEG doesnl bM to column and can then Im separated from the mixture. Two 
main PEGyiated hGH fractions were obtaftted with apparent mol. wL of 30K and 40K on 
reduced SDS-PAGE. vs 2I)K of the unreacted hGH. HGH^iGH binding protein complex was 
PEGyiated in the same manner to give a derivative of 150l(d by gel filtration. 

15 2. PEGvlation with N4ivdroitvsuecitimidvl PEQfl^HS^PQ^ and purfBcfttton 

To a solution containing Zmg/lnl of hGH in SO mM of Na4)orate buffer at pH 8.5 or 
PBS at pH 7, mS-PEG was added at a 54old molar excess of the total lysine concentration 
of hGH, and mixed at room temperature for one hour. Products were separated on Superose 
12 sizing column or Mono Q of FPLC The PEGyiated hGH varied in size depending on the pH 

20 of the reaction from approxinately250K for reaction ran at pH 8.5 to 40K for pH 7.0 as 
measured by gel filtration. The hGH-hGH tiMSnq protein complex was also PEGyiated the 
same way with resulting mol. wL of 400 to 600Kd from gel filtration. 
3. PEGvtation of tha CTstaina miitanta of hfiH with PE&mateimida 

A Single cysteine mutant of hGH was made by site-directed mutagenesis, secreted by 

25 £coJI16C9 strain and purified on an anion«ichange column. PEG-maieimidewasmadeby 
reacting monomethmy-PEQ amine wMh sulfo^Bs in 0.1M Ife^ihosphale pH 7.5 iOr one hour 
at room temp and buffer changed to phosphate buffer pH 6.2. Next hGH with free wctra cys 

was mixed in for one hour and final ndxture wu separated on Mono Q column as in Me-PEG 
aldehyde PEGyiated hGH. 

30 4. Characterizatton of PEGvlatad hGH or hGH4ifiH hi ndino nrotain comntey 

The product hGH was characterized by SDS-PAGE. gel filtration, NMR, tryptic 
mapping. IX^-mass spectrophotometry, andkivitm biological assi^. The extent of 
PEGylation was first shown by SDS-PAGE and gel itration and then analysed by NMR, 
which has a spectfic absorption peak for the hydrogen of PEG and the number of PEG group 

35 on each molecule can be calculated. Polyacrylamide gel electrophoresis in 10% SDS was nin 
in re<ftjced condition and gel filtration was nn on S(q)erose 12 with PBS or lOmM Tris-HCI pH 
8.0. 1(X)mM NaCi as elution buffer. To demonstrate which residue was PEGyiated, tryptic 
mapping was performed. PEGyiated hGH was (figested w8h trypsh at the protein/en^me 
ratioof 100 to 1 bimg basis at 37C for 4 hr in lOOmMsodum acetate, 10mMTris-Ha.1mM 
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caldum chloride, pH 8.3 and acdiRed to pH<4 to stop digestion before separat'ng on HPLC 
NucleosO C-18(4£nrvnX1S0mm, 5U.100A) and the chromatogram was compared to that of non- 
PEGybted starting material. Each peak can then be ana^ed by mass spectrometry to 
verify the size of the fragment In the peak. We found the fragment(8) that cany PEG group 

5 usually are not retained on the HPLC column after injectton and dsappear from tfie 

chiomatograph. Such disappearance from the chromatograph Is an indication of PEGyiation 
on that particular fragment which shouU contain at most one tysne residue. PEGylated hGH 
was assayed lor its ability to bind to the hGH bincfing proteon (hGHBP) and Ms binding was 
compared to the binding of non-PEGybted hGHBP as descra)ed (REF) asmhvim btobgteal 

10 assay. 

PEGyiation of hGH 

The various PEGylatkm methods used produced mainly three kinds of PEGylated 
wild-type hGH, wBh q)parent molecular weight of 30K, 40K, and 100K on reduced SDS- 

IS PAGE Whereas m the size exclusion chromatography, the conre^nding molecular weight of 
this three PEGylated hGH are 35K, 51K, and 250K which shouM be dose to their native 
hydrodynamic volume. These were desigiated PEG-hGH-1, -2 and 
•3. From the results of the tryptic mapping, the PEG-hGH-1 and -2 both had the N-terminal 9- 
amlho-acid fragment missing from the chiomatogam and possbly pegylated. whidi coukJ be 

20 oonfinned by the mass spectrometry of the big molecular spiles found on the flow-through of 
the LC. From the molecular weight on SDS-PAGE, PEG-hQH-1 may have one PEG on the N- 
tenninal amine, and PEG-hGH-2 may have two PEG on the M*temiinal amhe, fomning a 
tertiary anUde. The PEG-hGH-3 has about 5 PEG group per molecule based upon the NMR 
result, and on the tiyptic map, at least 5 peptide fragments were missing, meaning they are 

25 pegylated The sites for addng PEG groups to hGH were N-temnlnal Met, IC38, K41, K70, 
K140, K145, K15B and K168. Two lysines (fq whidi appeared to not be pegytated were K1 15 
and K172. Although the three pegylated hGH showed decreased bmding afiinity to the hGH 
binding protein m the 07 vHro binding assays by 2-^ fold, the rat weight gain studies surprisingly 
showed that they all are more potent molecules than the wiki*type by at least 3 foM, which is 

30 apparently due to the increased GH semm half He. We made two kinds of pegylated hGH- 
hQH binding protein complex with 2 or 19 PEG per hGHBP molecule, and both showed higher 
poteniy in rat weight gain assay than hGH by itself, but not signBicantly higher than the non- 
PEGybted complex. This lack of an increase in PEG-hGH activity over hGH-hGHBP 
complex may be due to the complex itself already having a high enough molecule wei^t above 

35 the cut*off of the kkfiiey fOtratton (70K) as described (Khauf. MJ. et al, J. Btol. Chem. 263, 
15064-15070,1988). 

For the various puiposes of this bivention, the GH or GH pbis iGF*i Is directly 
admfrtistered to the mammal or avian by any suitable technique, induding parenterally, and 
can be administered locally or systemlcafly. The spedTtc route of administration will depend, 
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0.0.. on the medical history of the patient, including any perceived or articled side effects 
using IQF-I. Examples of parenteral administration include subcutaneous, intramuscular, 
intravenous, intraarterial, and intraperitoneal admmistration. 

The administration of GH or GH plus IGP-I is by contmuous infusion (using, 9.g,, 
5 min^umps such as osntotic pumps or insulin pumps), or by injection using, e.g,, intravenous 
intramuscular or subcutaneous means. Preferably, the administration is subcutaneous for GH 
or GH plus IGF-I. The adhiinistration may also be as a tingle bolus or by slovKeiease depot 
formulatton. Most preferably, the GH or GH plus IGF-I is administeied conthuoUsly by infusion 
or by bolus for those fomiulations having a long plasma half*irfe. 
10 in addition, the GH or GH plus IGF-I is suitably administered together with any one or 

more of thefr bimfing protehs. Used wah IGF-I for example, IGFBP-2. IGF- BP-4, or most 
preferably, IGFBP^. which is described in WO 89/09268 published October 5, 1989 and by 
Martin and Baxter. J. Biol. Cham.. 2fil: 8754-8760 (1986). This glycosylated protein is an acid- 
slabie component of about 53 lOi on a non-redudng SDS-PAGE gel of a 125-150 Kd 

IS glyooprotein omiplex found oi human plasma that carries most of the endogenous IQF^ and is 
also regulated by GH. The iGF-l is also suitably coupled to a receptor or antibody or antibody 
fragment for adninistration. 

The GH or GH plus IGF-I composftions to be used in the therapy wtO be fomfujiated and 
dosed in a fashion omsislent with good medical practice, tak^ 

20 condition of the individual patient (especially the side effects of treatment with GH or GH plus 
IGF-I), the site of delivery of the IGF-I composition, the method of admlnistratkm, the 
scheduling of adminlstratton, and other factors loiown to practitioners. The "effective 
amowif of IGF-I for purposes herein (hduding an immune-stimulating effective amount) is 
thus detemnined by such considerations. 

25 As a general proposition, the total phamnaceutically effective amount of the IGF-I 

administered parenteiaDy per dose wOl be in the range of about i )ig/lcg/day to 10 
mglkg/dof of patient body weight although, as noted above, this will be subject to 
therapeutic discretion. More preferably, this dose is at least 0.01 mg/lcg^ctay, and most 
preferably for humans between about 0.01 and 1 mg/kg/day for the homrtone. If given 

30 continuously, the IGF-I is typically administered at a dose rate of about 1 jig/lcg/hour to about 
50 (ig/kg/hour, either by 14 injections per day or by continuous subcutaneous infusions, for 
example, using a mhi-pump. An intravenous bag solution may also be employed. The key 
factor in selecting an appropriate dose is the result obtahed, as measured by hcreases in 
antSwdy productkm, sicreases in splenocyte or thymocyte number, increases m splenic B^eOs, 

35 etc. 

A course of IGF-I treatment to affect the himune system appears to be optimal if 
continued tonger than a certain minimum number of days, 7 days in the case of the mice. The 
length of treatnmt needed to obsen^e changes and the intenral foUbwing treatment for 
responses to occur appears to vary dependhg on the desired effect. 
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The IGF-I is also suiabl/ adm&iistered by sustained-release systems. Suitable 
examples of sustained-ralease compositions hdude semi-pemieable polymer matrices in the 
torn of slieped aitteles. ap^ films, or mtorocapsules. Sustained^elease matrices include 
poiyiactides (U.S. Pat No. 3.773.919. EP 58,481). copolymers of L-glutamic acid and gamma- j. 

5 ethyt-L-giutamate (U. SIdman etaL, Biopolymers. ^ 547-556 (19B3)). poly(2*hydroxyethyl 

methacrylate) (R. l^ger ef a/.. JBiomed. Mater. Res.. Ifi: 167-277 (1981), and R. l^ger. , 
Chem.Tech.. J£: 98-105 (1982)), etfiylene vinyl acetate (R. Langer etaL, UJ or poly-D- (•)-3- 
hydroxybutyric acid (EP 133,988). Sustained-release IGF-I compositions also include 
rv^somally entrapped IGF-I. Liposomes oontabibig IGF-I are prepared by methods known per 

10 se: DE 3.218.121; ^eln tfflLPmcNaH.AcadSd.U.SA, !& 3688- 3692 (1985); Hwang et 
aL, Pmc, Natl. Acad, Sd. U.SA. ZZ: 4030- 4034 (1980); EP 52,322; EP 36,676; EP 88,046; EP 
143.949; EP 142,641; Japanese PaL Appln. 83-118008; U.S. Pat. Nos. 4,485,045 and 
4,544.545; and EP 102,324. Ordnariiy. the Gposomes are of the smalt (about 200-800 
Angstroms) unilanftellar type in which the Ifiid content is greater than about 30 moL peicent 

IS cholesterol, the selected proportion beoig adjusted forthe optimal IGP-I therapy. 

For parenteral adminbtration, in one embocfiment. the GH or GH plus IGF-I is 
f omnulated generally by mixhg it at ttie desired degree of purily. in a unS dosage injectable 
iom (solution, su^ension. or emulsion), with a phanmaceuticaliy acceptable earner. i.a., one 
that is non-toxic to recipients at the dosages and concentrations emptoyed and is compatible 

20 with other ingredients of the fomiulation. For example, the fomnulation preferably does not 
include oxidizing agents and other confounds that are known to be deletertous to polypeptides. 

Generally, the formulattons are prepared by contading the GH or GH phis IGF-I 
uniformly and intsnately with liquUI carriera or finely dhrided solkl carriera or both. Then, if 
necessary, the product is shaped onto the desired fonnulation. Preferably the carrier is a 

25 parenteral canrier. more preferably a solutton that is isotonic with the blood of the recipient. 
Examples of such carrier vehicles include water. saOne, Ringer's solution, and dextrose 
solution. Non-aqueous vehicles such as fixed o9s and ethyl oleate are also useful herein, as 
weilasl|x)some8. 

The carrier suitably contains mmor amounts of adcfilives such as substances that 
30 enhance isotonidty and chemical stabirity. Such materials are non-toxic to reqpients at the 
dosages and concentrations employed, and include buffers such as phosphate, cftrate, 
succinate, acetic add, and other organic adds or their salts; antioxidants such as ascorbk: 
acid; low molecular weight (less than about ten resUues) polypeptides, e.g^ polyargintne or 
tr^eptides; proteins, such as senjm abuirih. gelath, or immunogtobufins; hydrophlEc potymera , 
35 such as pdyvinylpynolidbne; amino acids, such as glycine, glutamtc add, aspartic acid, or 
arginine; monosaccharides. disaccharUes, and other carbohydrates oicluding cellulose or its 
derivatives, glucose, mannose. or dextrins; chelating agents such as EDTA; sugar abx)hols 
such as mannitol or sori^itol; counterions such as sodium; and/or nonionic surfactants such as 
potysorbates, poloxamere, or PES. 
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The GH or GH plus IGF*I is typically formulated in such vehicles at a concentration of 
atM>iJt 0.1 mg/h)! to 100 mg/h)l. preferably MO mg/M, at a pH of al)Out 3 to 8. GH is 
generally stable at a pH of 6.5 to 8, more preferably 7.2 to 7.8. Full-length IGF-I is generally 
stable at a pH of no more than about 6; de8(1-3)-IGF-l is stable at about 32 to 5. It will be 
5 understood that use of certain of the foregoing excipients, carriers, or siabBizers will result in 
the formation of IGF-i salts. 

in addtion, the IGF-i, preferably the fulMength IGF-i, is suitably formtdated in a 
suilable carrier vehicle to form a pharmaceuticai composition that does not contah ceils, tn 
one embodhient, the buffer used for formulation will dep^ on whether the compositton will be 

10 employed innmetfiately upon mixing or stored for later use. If employed anmediately, the full- 
length IGF-t can be formuteited in msinitol. glycine, and phosphate, pH 7.4. If this mixture is to 
be stored, it Is fomnulated in a buffer at a pH of about 6, such as citrate, with a surfacant 
that increases the solubHity of the QH at this pH. such as 0.1% poiysort)ate 20 or poloxamer 
188. Ihe f hal preparation msy be a stable Dquid or lyophilized soDd. 

15 GH or GH plus IQF-I to be used for therapeutic administration must be sterile. 

SterOity is readily accomplished by filtration through sterOe filtration mOTibranes {e.g., 0.2 
micron membranes). Therapeutic IGF-I compo^ions generally are placed into a container 
having a stenle access port, for example, an Intravenous solution bag or vial having a stopper 
pieroeable 1^ a hypodermic injection neede. 

20 GH or GH phis IGF-l or IGF-I alme ordinarfiy wDI be stored in una or muRiKlose 

containers, for example, sealed ampoules or vials, as an aqueous solution or as a lyophifized 
fomnutation for reconstitutton. As an example of a lyophilized fomiulation. 10-ml vials are 
filled with 5 ml of sterile-filtered 1% (w/v) aqueous IGF-I solution, and the resuHng mbcture is 
lyophilized. The infusion solution is prepared by reconstituting the lyophilized IGF-I using 

25 bacteriostatic Water^r-lnjection. 

It is noted thai hGH is stable at a higher pH than IGF-I. a.gi, 7.4-7.8. When GH is 
administered, it is suitably administered together with one or mora oi fts binding proteins. A 
well characterized such boKfing protein Is the high-affinity growth hormone binding protein 
(GHBP) constituting the extracellular donoin of the GH receptor that circulates in blood and 

30 functions as a GHBP in several species [Ymer and Herington, Mol. Cell. Endocrino.. 41: 1 53 
(1985); Smith and Talamantes. Endocrinotogy. 1489-1494 (1988); Emtner and Roos. Acta 
EndOBrihOteflica fCopenh.), 122: 296^ (1990)]. includhg man (Baumann ef a/., ISSO. 
EndrxsrinolMBtab.. £2: 134-141 (1886); EP 366.710 published 9 May 1990; Herington etaL. I 
Clin. Invest.. Q: 1817-1823 (1986); Leung ef a/.. datUffl, m 537-543 (1987)). A second BP 

35 with lower affinity for GH has also been described that appears to be stnjcturally unrelated 
to the GH receptor (Baumann and Shaw. J. CBn. Endocrinol. Metab. 2Q: 680-686 (1990)). 

ThB doses of both GH and IGF-I can be less if used togtiher than if IGF-I is 
administered alone, ft te noted that practituners devising doses of both IGF-I and GH should 
take Into account the Icnown side effects of treatment with these hormones. For hGH the side 
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effects indude sodium retention and expansion of extracellular volume pklos etaL,^ 
ariocrihof. fC0DenhaQen).32: 341-361 (1959); BIgHeri -i run Birfacifnol. Matab., 21: 361- 
370 (1961)1, as well as hyperihsulhemia and hyperglycemia. The ma^r apparent side effect 
of IGF-I is hypoglycemia (Guler etd^ Pmc NatL Acad ScL USA. 1989, supra) % 
5 Preferably, the GH and or IGFM is administered in conjunction with {i.e., before, at the 

same time as. or after) a vaccine, such as an AIDS vaccine (for example, a 0)120 or gp160 « 
vaccine or a cocktail of gp receptor-based vaccines), either durhg hiial Immunization or 
dirhg a boost of the vaccine, to ensure increased antibody response. Most preferdily, the 
QH alone or with IGF-I is given at the time of each boosL The use of GH alone or with IGF-I 

10 and with vacdne wOl increase the effectiveness of the vacdna. particularly in those patients 
who ham compromised bnmune systems. 

GH, GH plus IQF-I. or IGF-I may be therapeutk:ally used to stimulate the immune 
system. particuiarV the lymphocytic portion of the immune system following 
immunosuppresive/ieytotoxfe therapy associated with transpiantafion, cancer therapy, and 

15 the treatment of autoimmune diseases. Ihese compounds could be used to restore the 
lymphocytic amn of the immune system in a manner analogous to the way G-CSF is used to 
restore the phagocytic arm of the immune system. 

Corticosteroids lead to a marked increase in the propensity for viral and fungal 
infection. GH, GH plus IGF-I. of IGF-I atone could be used to mSigate this increased propensity 

20 to infections. Furthermore, these compounds couid be used to bnprove the treatment of other 
chronic viral diseases such as chronto hepatifis, cytomegkivinjs. myocarditis and encephalitis. 

It is another embodsnent of this invention to diagnose immune- deftoient mammate to 
determine 9 they have tow senjm GH or IGF-I levels that could cause their mabdy and that 
could be reversed by treatment with GH or GH plus IGF-I. Such human pattonts might include 

25 those who are aged, underfed, malnourbhed, or OL Diagiosing the senim GH or IQFA level of 
such bnmuneKteficient pattonts and restoring GH or IGF-I btood concentrattons in those 
patients with lower-thanHiormal senim GH or IGF-I levels by administerhg an amount of GH 
or GH phis IGF-I effective for that purpose woukJ restore immunity h the patient. 

Diagnosirtg GH and IGF-I levels in a patient can be accomplished by any standard 

30 technque. but is typically done by subjecting a btood sample to an ELISA or RIA test using 
anti-iGF-l antOKXlies such as descr3)ed in Furlanetto etaL, ± Clin. Invest. fiQ: 648-657 (1977); 
Bala and Bhaumick, J f^fm EndQctfh.andMetabQL jS; 770-777 (1 979); and Zapf ef a£, ^S&L 
Invest. Sfi: 1321-1330 (1 981). Methods for precisely determining the presence of GH and 
GHBP are descrbed in 07/615,538, fited 19 November 1990. ^ 

35 The invtfrtion wili be more fully understood by reference to the foilowvig examples. 

Ihey shouU not, however, be constmed as limiting the scope of the invention. 
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EXAMPLE 1 

GROWTH HORMONE STIMUUTiON OF RESPONSIVE TISSUES 

A. Oroan Wdflht Gain Comoariiia tiGH CnnHnuous Va hGH Bofua ioie^ 
5 In two series of experiments, the response of spleen and of thymus to continuous hGH 

was demonstrated. 

In a first series of experiments we have used different strategies to deliver GH in a 
manner ttal causes tissues to be abnost contlnuaily exposed to GH. In the first study we . 
gave exogenous hGH by ffijection or by osmotic min^ump. In this study the effect of injections 
10 and infusions of hGH were compared directly In hypophysectonrized rats (85-105 g). The rats 
were anaesthetized and implanted with two subcutaneous minipumps dellverfftg either hGIH or 
excipient. The lals also received daily subcutaneous injections of either hGH or excipienL 
There were the following groups (r»s5 per group): 
H fBQBlvBd exclptent by miBCHpn 
IS 1) hGH 5.0 mg/kg^day by pump 

2) hGH 1.0 mg/kg/day by pump 

3) hGH 0.2 mg/lcg^day by pump 

4) hGH 0.04 mg/lcg/day by pump 
5^ fBcelvfld flxcbliint tN Minfaumn 

20 5) hGH 2S.0 mg/kg/day by injectton 

6) hGH 5.0 mg/kg/day by injectkm 

7) hGH 1.0 mg/kg/day by injection 

8) hGH 02 mg/kg/day by injection 

9) hGH 0.04 mg/kg/day by injectton 

25 10) Excipient treated control rats (excipient injecttons and pumps). 

We found that GH given by minipump Induced much greater weight gain and bond 
growth responses than the same doses of hGH given by injectton. For example, the weight 
gain at 5.0mg^g^day hGH by bijectton was 19.5±1.7g, compared to 32.5±1.8g by minipump, 
abnost double the re^>onse. In additton, infustons of hGH were mudh more potent at 

30 stimulating spteen growth. It appears from Table I that hGH is almost 5 times as potent at 
stsnulating splento growth when it is delivered by minipump. These results show that the 
abaiiy of hGH to stimulate knmune tissues is akied by hGH deBvery in a continuous manner. 
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Tablet 

WeigM Gain and Spleen Wdght Following 





WtGain 


WtGain 


Spleen 


Spleen 


Injection 


Pump 


Injection 


Pump 




1J9 




203 




Excfoiant 


±2.3 




±37 






10.4 


106 


226 




hGHOXM 


±2.4 


±2.1 


± 18 






las 


16B 


224 


264' 


UGH 020 


±2£ 


±2.3 


±41 


± 33 




1&9 




264 


320** 


hGH1.0 


± 3.1 


±2.4 


± 43 


± 32 




195 


22JSr 


299 


382** 


hGHSiO 


±1.7 


±U 


± 22 


± 37 




29S 




389 




hGH25jO 


±2.1 




*3* 





Compared to same dose deh^ered by Dijection * p<0.1 *^.01 * p<0.001 

In this second series of experiments the abiTity of a continuous hGH infision of hGH 
alone, or hGH+hGHBP by min'fsumps to stimulate growth of the thymus relative to other 
organs was demonstrated. Bolus injections of hGH or hGH^GHBP did not result in any 
differentiai preference for thymus growth. 

35 female hypox rats (Purchased from Taoonic. Gemnantown, New Yoik) of 85-105 
g. were weired 4 times over 10 days to establish growth sta^ (weight gain or loss of less 
than 7 grams). They ate pelleted lab diet and drank water ad libitum. TTiey were group 
housed (5/cage) in a room controlled for S^g and temperature. They were then 
randomized Into 5 groups of 7 rats per group based on their oiilial body weight. The rats were 
then treated subcutaneously for 7 days with : 

1) Bcciplent'mplanted pumps and excipient injections 

2) Daily injections of rhGH (0.1 mg/kg/day) 

3) 2) above plus GHBP (1 .55 mg/kg/day) by minipump 

4) Continuous Infuskms of rhGH by osmotk: minipump 

5) 4) above plus GHBP (1.55 mg/kg/day) by minipump. 

The hGH used was rtiGH (Nutropin. Lot N9267AX. G042A) dissolved in sterile water. 
The GHBP (1-238) used was expressed in ECk>S, and dssolved in the rhGH exc4)ienL The 
exdpienl min v)umps and the exc^ient ir^ecfions both contained the rtrfSH exciplenL All 
injecttons (0.1 ml) were given subcutaneously in the nape of the neck. The minlpumps used 
were purohased from Alza (Aizet min(pumps. Model 2001 . pump rate 1.03 ul/h), and were 
implanted s.c. on the back under ketamine/xylaznie anesthesia. The rats were sacrfflced 
after 7 days (7 injections) and organs harvested. Group means were compared by .ANOVA 
foDowed by Duncan's test. The means and standard deviations are reported. 
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GH induced weight gain in all 4 of the jpvups receiving GH. but the whole bodf weight 
gain response to GH was not dWerent between the 4 groups, all groups gaining around 12 
grams. There were small but statistically significant wel^ gains In the liver and kidney, but 
when both these organ weights were corrected or normalized to body weight they did not show 
5 a relative increase h size (the liver actuaOy showed a statisticaiiy significant decrease in 
relative weiglht). 

Therefore, the 4 GH treated groups all had similar weight gains and there was no 
overgrowth of the liver, spleen or the Iddney. In marked contrast the thymus showed a large 
absolute and relalive growth response, but only to conthuous GH (Table II). 

10 

Table II 



Weight Gains and Organs Welj 


ghts In H< 


vpox Rats 


Group 


Weight 
Gain (g) 


Liver 

(g) 


Liver 
%Bwt 


Kidne 

y 


kidney 
%Bwt 


Thymus 
(mg) 


Thymus 
%Bwt 


D&cclpi 
ent 


2.0 
±2.3 


4.33 

±0.35 


4.13 

±0.30 


707 
±24 


0.67 
±0.03 


288 

±31 


0.276 
±0.032 


2) GH 
injection 


14.6 
±2.3 


4.75' 
±0.29 


4.04 
±0.24 


766 
±59 


0.65 
±0.04 


328 
±33 


0.279 
±0.027 


3)2) 
•t-GHBP 


12.7 
±2.4 


4.65 
±0.09 


4.00 
±0.11 


796 
±56 


0.68 
±0.04 


330 
±46 


0.284 
± 0.040 


4) 

infusion 


14.6 
±1.5 


4.64 
±0.40 


3.94 
±0.32 


774 
±49 


0.66 
±0.03 


401 " 
+ 67 


0.340 •* 
±0.055 


5)4) 
+ GHBP 


14.8 

±2.2 


4.73* 
±0.16 


3.97 
±0.18 


776 
±62 


0.65 
±0.05 


419 
±45 


0.352 
±0.041 



Compared to excipient treated rats, * p< 0.05, " p<0.01 . p<0.001 



15 Over a 7 day period the growth response of the thymus to continuous hGH did not 

appear to be altered by the Infusion of he hGHBP and the lack of response to the injections of 
hGH was not iniproved by the infusion of hGHBP. Based upon these results we conclude the 
foBowing: 1) Over a 7Kiay period the small dose of hGH (0.1mg/kg/day} restored growth 
rate to about one third of that of nonnaL At this dose there was no effect of the pattern of 

20 GH acMnistration on whole body growth (weight gain), and it did not markedly affect the 
growth of the 'GH responsive organs', the spleen, kidhey or the Gver; 2) However, the mean 
thymus weight increased by 45% after continuous GH, but only by 14% (a statistically non- 
significartt amount) after the same dose of GH given by injectton. 

Therefore, it is clear that at this dose of hGH (0.1 mg/kg^day) continuous 

25 administration and daily injection have equal effects on whole body weight gain. In contrast, 
the thymus shows a strong growth response only to the continuous mode of GH delivery. 

In figure 1 A and IB the weigjht of spleen In rats receiving hGH or hGH phis GHBP for 
7 days is aiustrated. Measuredinthisseriesof experiments were spleen growth over 7 da^ 
bi dwarf rats (dw/dw) for hGH atone at 5 doses (32, 8, 4. 2, 0.5. & 0.125 mg/kg^day) or hGH 

30 at 4 doses (8. 4, 2, 0.5, & 0.125 mg/kgftlay) plus GHBP (at 2x the GH doses on a weight 
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basis i.B. 16, 8, 4,1, 0.5 mg/kg/day 01 GHBP). The spleen shows a huge growth response to 
GH + GHBP with the responses for GH and GH + GHBP behg nonijarallel. The hlj^i dose 
complex induced splenic overgrowth, h 7 days the spleen £pew from 300 to 900 mg, spleens in 
non-GH defteiatt 150g rats average 500 mg. The maximum response to GH plus GHBP was 

5 greater than for GH alone. As the maximum response was different and the curves are not 
paraBel an exact potency estimate cannot be obtained. But2mg/lq(dayorQH*i*GHBP 
gave equh/aient growth responses to 32 mg/kg/day of GH alone, suggesting a 16-fold potency 
difference. The non-paraDeRsm suggests tfiat the response to GH + GHBP is qualitatively 
dWerent to that for GH alone, and that the difference could be due to the GHBP ^tng a 

10 more continuous GH exposure and a larger response. Clearly the rate of weight gain for hGH 
plus GHBP is substantially greater. This increased spleen weight gain is also plotted as a 
percent of total body weight (figure IB). 

15 55 female hypox rats (Purchased from Taconic, Gemwntown, New York) of 85-105 

g, were weighed 4 times over 10 dsys to establish growth stasis (weight gan or loss of less 
than 7 grams). They ate peDeted lab diet and dranic water ad libitum. They were group 
housed (S/cage) in a room controlled for Ss^ing and temperature. They were then 
randomteed into 11 groups of 5 rats per group based on their initial body weight. The rats 

20 were then treated for 7 days with: 

1) Daily s.c. Injections of met-hGH (0.033, 0.1 . and 03 mg/kg/day) 

2) DaOy s.c. tnjectk)ns of peg-1 (0.033, 0.1 , and 0.3 mg/kg/(tay) 

3) DaOy s.c. ffijecttons of peg^ (0.033, 0.1 . and 0.3 mg/kg/day) 

4) ExdpienL 

25 The hGH used was met-hGH (Protropin) dissolved h sterile water. The exc^ient 

hiedions contabied the rhGH BxapkxA. All injections (0.1 mQ were given subcutaneously in 
the nape of the neck. The rats were sacnRced after 7 days (7 Ejections) and organs 
han^ested. Groupmeans were compared by ANOVA followed by Duncan's test The means 
and standard deviations are reported. 

30 hGH ffiduced weight gam on aO of the groups receiving GH. but the whole body weight 

gain response to both forms of the peg-GH showed roughly a 3-fold mcrease in potency, giving 
a large increase in we^t gah (24 g) in the high dose PEG groups. At simOar weight gains 
the PE(3-hGH groups showed relative overgrowth of the thymus. Only the PEG treated 
groups showed relative organ overgrowth and the only organs showing statistically significant 

35 relative growth compared to excipient injected controls were the spleen and the thymus. The 
dose response cun/es shown in the figure 2 illustrate the non-parallel nature of this response 
(non-parallel compared to hGH treatment). 

Therefore, at similar weight gains the long-acting PEG-hGH molecules pieferenliaDy 
affect the growth of the thymus. This targe absolute and relative growth response may be 
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due to the met-hGH delivered by injections being cleared rapidly from the body whereas the 
PEG-hGH molecules are cleared more slowly and leads to a relative continuous GH exposure. 
Therefore these obsen^ations support our earlier observations, comparing minipumps and 
injections of hGH, that a continuous pattern of GH exposure is the preferred means of 

5 delivering hGH to affect the components of the immune system. 

Treatment with Peg-5 hGH for 16 days resulted in large increases In weight gain k\ 
hypophysMomized rats. The same total dose of hGH or peg-hQH was given every 1 , 3 or 6 
days. The greatest growth response was achieved with peg4iQH given every 6 days, the 
next greatest was with peg*hGH given every 3 days, followed by peg-GH every day. For 

10 hGH with decreased frequency of injectton the growth response dedbied rather than improved. 
Daily injection of hGH was superior to injections every 3 days followed by injections every 6 
days. This unexpected improved efficacy of peg^iGH given as infrequent injections was quite 
unexpected as tor a molecule with a prolonged half-life it would be expected that continuous or 
daily injections would be the optimal pattern of delivery. 

42 female hypox rats (Purchased from Taconic, Gemiantown, New Yorlc) of 85*105 
g, were weighed 4 times over 10 days to establish gmwth stasis (weight gah or toss of less 
than 7 grams). Th^ ate pelleted lab diet and drank water ad libihim. They were group 
20 housed (5/cage) in a room controlled for lighting and temperature. They were then 

randomized into 7 groups of 6 rats per group based on their Initial body weight. The rats were 
then treated for 24 days with: 

1) An S.C. injection of met-hGH (0.1 mg/l(g^day) every day (10 ug^jection) 

2) An s.c. bt^ion of met-hGH (0.1 mg/kg/day) every 3 days (30 ug/injection) 
25 3) An S.C. injection of met«hGH (0.1 mg/kg/ctay) every 6 days (60 ug/injectton) 

4) An S.C. hjectton of peg-5 hGH (0.1 mg/kg^day) every day (10 ug/injedton) 

5) An S.C. injection of peg-5 hGH (0.1 mg/kg/day) every 3 days (30 ug/injectlon) 

6) An S.C. Injection d peg-5 hGH (0.1 mg/kg/day) every 6 days (60 ugTmlecU^ 

7) Daifys.c. injecttonsof excipienl 

30 The hGH used was met-hGH (Protropin) dissolved in sterile water. The excjptent 

injecttons contained the rhGH excipient. All injections (0.1 nd) were given subcutaneously in 
the nape of the neck. On the days that GH irijections were not given (h groups 2. 3, 5, & 6) 
injedtons of saihe were given. The rats were sacrificed after 24 days and organs harvested. 
Group means were compared by ANOVA foHowed by Duncan's test. The means and 

35 standard deviations are reported. 

GH IrKfuced weight gain in all of the groups receivhg (SH. but the whole bo<fy weight 
gain response to the peg-GH was greatly enhanced, partkajlarly when given as infrequent 
hjecttons. and especially when gh^en every 6 days. In marked contrast, the whole body 
growth response to hGH declined witfi less frequent injecttons. 
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At simaar weight gains the PEG-hGH groups showed relative overgrowth of the 
thymus. Despite causing the body weight gain shown oi Figure 3. injections of hGH at O.i 
mg/lcg/Uay did not s^ificantly increase the absolute or the relative size of the thymus. PEG* 
5 hGH increased absolute thymus size (by nearly 100% when given every 6 days) and also 

5 btcreased relative thymus size. Therefore, maximum thymus stimulation occurred with PEG* 
5 hGH adnninistered every 6 days. 

The results summarized in Figure 4 indicate that 0.1mg/kg(day hGH delivered as a 
daily s^. infection has Dltle effect on the thymic, yet promotes whole body growth. The 
increased activ^ of PEG-5 hGH is confirmed by this study. It would be difficult, usoig current 

10 technology, to routinely deRver hGH as a conthuous infusion. PEG-S hGH gives the method of 
the present invention a practical way of deOvering GH (subcutaneous injections), in a way 
that the thymus responds to as continuous, yet the 'continuous pattern' can be given as very 
Mrequent injections. This approach obviously gives the adnninistration method of the present 
hvention a quidc and effective means of being put into thempeutte practice. 

15 

MET-Lfiss PEG-hGH Response 

48 female hypox rats (purchased from Taconic, Gennantown, New York) of 85-105 
g. were weighed 5 times over 9 days to estabfish growth stasis (weight gah or loss of less 
than 7 grams). They ate peDeted lab diet and drank water ad libitum. They were group 
20 housed (Socage) in a room controlled for lighting and temperature. They were then 
randomized Ho 8 ^ups of 6 rats per group based on their inBial body weight. 

Met-Iess rhGH (Nutropin) was pegylaied by the method of Abuc^owski et al. 
(Abuchowski, A. et al, J. BioL Chem. 252. 3582-3586. 1977; Abuchowski, A. et al. Cancer 
Bk)chem.Biophys. 7. 175-186, 1884). Four fomis of the PEQ-5ihGH ware assfi^. a broad 
25 pool as well as 3 pools based on arbitrary cuts of, eai^, ndd, and late from a Sepharose* 
fradionating sizing column. The broad pool and the 3 pools were tested in the rats for 1 1 
days by s.c. injections of material from tfie 4 batches of PEG-5 hGH. 

Each rate received an injection (al 0.1 or 0.033 mg/kg/day) every sixth day (60 or 20 
ug/injection). Each rat therefore only received 2 bijecticms. The hGH used was rhGH 
30 (Nutropin) dissolved n sterie water. AO bijedions (0.1 mi) were given subcutaneously in the 
nape of the neck. The rats were sacrificed after 11 days and organs harvested. Group 
means were compared by ANOVAfbnowed by Duncan's test The means and standard 
deviations are reported. 

GH induced weight gain in aO of the groups receiving GH, and the whole body weight 
35 gam response to the different PEG-5 rhGH forms was dose related. Previous resuBs with the 
PEG-S met-hGH were confirmed with rhGH as ft was found that the PEG-5 fomis gave large 
growth responses when injected every 6 days (27 and 18 g at high or tow doses). 

The organ weight responses were similar to those seen in the previous examples. 
When the weights of the Ever, spleen, kidney and heart were expressed relative to body 



wo 93/00109 



31 



PCT/US92/04489 



weight there was no dose-retated effect of the PEG-hGH forms. The only relative organ 
weight showffig a dose response relationship was the thymus. Tlie absolute thymic weight 
was greatly increased by PEG-hGH. for the broad pool (equivalent to the preparations of 
PEG-hGIH used h the previous examples) the absolute thymus weight was inoeased for 60 
5 ^g of PEG-5 rtiQH to 51 2 1 83 mg. and for 20 \xg of this material to 401 ± 99 mg. with the 
relative weights being 0.41 ± 0.05% and 0.36 ± 0.08%, respectively. 

Therefore, a similar organ specific selective growth response of the thymus could also 
be seen wHh pegylated mel-less hGH deOvered in a manner shown in the above examples to 
be optimally effective. 

10 

EXAMPi£ll 

Evaluatton of Ors^ Weights, and T-CeO NuirAm, 
And Response to IGN Mttogoiic Stimulation 

Recombinant human IGF-I [available commercially from KablQen AB, Stockholm. 

15 Sweden (specific activity > 14.000 UAng by radioreceptor assay using placental membranes) 

or available for clinical investigations from Genentech, Inc., South San Frendsco] was 

employed in an the IGF-I experiments detailed in the examples. The IGF-I was dissolved at 5 

mgAnI in 10 mM citrete buffer and 126 mM NaCI, pH 6.0. 

This IGF-I was administered to three species, /.a., rat. rabbit, and mouse, to observe 

20 its effects on spleen and thymus weight Dose-response studies were perfomned in the mouse 

and rat. and IGF>I was given to the rabbit with similar effects. In addition. B* and T-cell 

numbere and responses to mitogenic stimulation were evaluated in the mice. 

LBats 

25 Two animal models of GH deficiency and therefore IGF-I deficiency were used to 

demonstrate the effect of IGF-I on spleen and thymic weight and size. A third model of GH 
and IGF-I deficiency is the aged anbnal. Aged (18-month-old) rats were used to demonstrate 
the effect of IGF-I on spleen and thymic size, celluiants architecture, mi in vitro response to 
mitogens. Also, adult ovariectomized rats, with nomml serum IGF-I concentrations, were used 

30 to demonstrate the effect of IGF*i on spleen and thymus in an animal that was not IGF-I 
deficient. 

Aged Rate 

In two separate b mo studies. IGF-I, GH. or IGF-I phis GH were administered for 14 
days to aged IS-month-old rats to determine whether IGF-I could induce functional changes h 
35 spleen and thymus In thb model of thymic regression. 

Male Fischer 344 rats of 18 months of age and 400-500 g were purchased from 
Marian Sprague Dawiey (HSD). These rats were bred by HSD for the NIH Institute for Aging 
and are the standard rat model used in aging studies. In Experiment One, 7 rats/group were 
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employed, and in Experiment Two, 8 rats/group. Young F344 rats (5- 8 weeks oM), whteh 
were housed identicaliy as expeffmental rals, were used as positive controls. The treatment 
groups were: (1) excipient pumps, exc^ient hjectfons, (2) IGF-I pumps, excellent Injections. (3) 
IGF-I pumps, GH injections, (4) excipient pumps, GH injecttons, and (5) young rats. 

5 The iGF-l was loaded into two minjpumps so that 1 .150 mg^rat/day of IGF*I or 0.8 

mgAcg/day of des*IGF-l was delivered so as a continuous infusion. The rhGH (Nutmpin brand, 
Qenentech, Inc. formulated at 2 mg^ml in 18 mg/ml mannitol, 0.68 mg/ml glycine, and 5 mIM 
phosphate, pH 7.4) or bGH (Monsanto) was given as a daBy sc hjedion of 1 mgftat/day. 
The exdipient pump groups received identical pumps filled wSh the excipient for IGF-I (10 nM 

10 citrate buffer and 126 mM NaCI, pH 6.0), hereinafter called 'IGF-I excipient.' The treatments 
continued for 14 days. The animals not receiving GH were injected (0.1 mQ with hGH vehicle 
each day. 

At sacrffice, a blood sample was taken, and the liver, kUneys, heart, spleen, and 
thymus were removed, btotted dry, and ffnmedateiy weighed. The spleen and thymus were 
15 immediately placed in buffer and then cells were obtained by digestion or physfeal niptura. 
The cells were counted and then plated out at unitonn densKy. The thymic ceite were cultured 
wah IL-1 (2 U/ml) and phytohemagtutinin (PHA) (5 (ig/ml) and thymidine incorporatton was 
measured as described by Maize! BtaL. J. Em. Med., jg^: 470476 (1981). The spleens were 
simBarly treated and two tests of ftmctton were perfonned. 

20 flUHflSuHs 

(a^BtperlmantOne 

Full4ength IGF-I and rhGH were employed in this experimenL Figure 6 shows the body 
weight gain. After 14 days control rats had not gahed wei^L GH-treated rats gained 9.6 ± 
1 1 .4 g, IGFI- treated rats gained 34.5 ± 9.4 g, and IGF-i- and GH-trsaied rats gainai 45.5 ± 

25 9.9 g. The response to IGF-I was dearly large, and the response to GH plus IGF-i appeared to 
beaddRfve. IGF-I at the doses used was markedly anabolic. A very (tamatic effect of IGF-I 
treatment was the large fall In blood urea nitrogen (BUN) levels from 20.7 ± 2.4 mg^dL in 
controls to 13.8 1 1 -8 mg/dL after IGF-I treatment; hGH had no effect A lowered BUN 
indkrates an an^olic metabolic stale. The body weight gab) data, the increased or^ 

30 weights, the lowered BUN, and the towered btood enzyme levels aD indicate that IGF-I was 
producing an anabolic state where protein synthe^ was predominant over pnAein breakdown. 
The effect of IGF-I was dear^ greater than that of hGH. 

There was a clear effect of IGF-I on ail the organ weights. Uver increased by 6.6%, 
kidneys by 16.6%, heart by 18.5%. thymus by 27.0%, and spleen by 80.8%. All the responses 

35 were statistically si^ificant. The only effect of hGH was to reduce Over weight significanlly 
by 8.8%. Combined GH and IGF-t treatment did not reduce the magnitude of the effect of IGF- 
1 on these organs, with one exception. Spleen weight was reduced for the IGF-I plus GH 
treatment conqwed to the weig^ of the spleen in the IGFA atone grotq). 
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Total IGF-I levels were increased by IGF-I administration wUh or without concurrent 
hQH treatment. By Hssif, hGH did not significantly elevate blood total IGF-I levels. 

The cefls from the harvested organs were dispersed and their response to mitogens 
was measured. Table III shows some of the data for the thymus and spleen. The wet weight 
5 of the thymus was ntcreased by IGF-I but not by hGH. Nornial, young, 60Klay-old Fischer rats 
ware ran as posMve oonlreis. 



TABLE 10 

CeH Number In Spleen (x10»> and Thwnus MtP) 



Group 


No. Spleen Ceb 


No. Thymic Cells 


Young Rats 


2.81±0.30 


4.43±0.79*" 


OU Rats Exciplent 


2.7210:68 


OAmAS 


Old Rats IGF-1 






Old Rats IGF-1 +QH 


a27±1.47 




Old Rats GH 


25lh0.51 





10 Values are Means and Standard dMations. 

(Significances: •fxO.OS, "p<0j01, •^p<0.001 vs Excfpient 



None of the thymi from the untreated oM rats yielded sufficient cells to allow full 
analysis in tissue culture. In contrast, 8 of the 13 rats treated with IGF*I or IGF-I plus GH did 

15 yield sufficient viable thymic ceDs. IGF-I treatment for 14 days caused a remarkable 5-fold 
increase in the number of thymic ceOs. although the thymus of the younger rats stifl contained 
substantially more cells. 

Grewtti homxme tended to increase the number of thymic cells, but the effect (a 
doubling of the mean number) was not stati$tk:aily significant. IGF*I plus hGH was also an 

20 eifective way to increase thymic cell number. In contrast, the nun^er of cells in the spleen 
was not significantly ^creased by IGF*I or GH treatment, although the mean values of the 
IGF-l-traated greups were higher. Therefore, IGF-I oouM increase the wet weight of the 
thymus and also the number of cells capable of bekig han^ested. Then, any functional effect 
of the increased tissue mass and cell number was tested hviUob^ measuring the responses 

25 of the dispersed thymocytes to mitogens, as shown in Table iV below. 
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TABLE IV 

Thymic ceDs from young and oUF344rei8. Untreated old rats all had bnufflcioni thymic 

cells to run the assays. 



Treatment 


CellNa 


PHA 


IL-1 


PHA + IL-1 


YoifligRat 


4^ 


17S4 


1380 


3349 


Young Rat 


AJBO 


1790 


989 


3836 


Young Rat 


3£2 


2112 


1462 


3829 


Mean 




188ai:193 


1Z7Q1249 


36041244 


Old Rats 


IGM 


037 


3078 


672 


11273 


I6R 


m 


3524 


1026 


3724 


iOF-l 


1£8 


3032 


854 


6532 


I6F-1 


120 


1523 


929 




Mean 






8701:150 


717fti3815 


Old Rats 


IGF-1 +GH 


092 


10436 


1S36 


189S0 


IGF-1 -i-GH 


1i» 


5120 


2836 


17446 


IGF-I+GH 


1.12 


7432 


2316 


13429 


IGF-1 +GH 


078 


5095 


1796 


786S 


Mean 




«* 

702012526 


» 

2121±576 


14432-I-4966 


Old Rats 


GH 


072 


2006 


581 


4371 


GH 


OBZ 


11263 


1780 


27021 


Mean 











For both the PHA and IL-1 responses and their combination, the 



5 tissue from the old rats showed a tendon^ toward increased activity with IGF-1 alone 
compared to that from the younger anbnals. although this effect was not stat^icady 
significant. There was no additive effect of the IGF-1 plus GH combination on the number of 
cells han/ested. It was therefore surprising that IGF-1 plus GH had the largest and most 
significant effect on all measures of thymfc f uncUdn. Compared to the responses of the 

10 younger tissue, the PHA response for IGF-1 plus GH was hcreased 3.7-fold and for the PHA 
plus 1*1 combination the response was increased 4-f6ld. 

These data show that an increased mass of thymic tissue can be produced h an aged 
animal using IGF-1, and after the relativeiy short period of only 14 days of IGF-1 treatment. 
There are previous studies in simaariy aged rats that show that both GH and prolactin can 
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increase lh« size and some aspects of thymic function (Keiley, in Pswdionftmnimmtinoloqtf fi. 
2nd Ed, B. Ader et ai., eds, 1990, supra). 

it lias also now been shown that the increased thymic tissue produced by iQF-l is 
fundional tissue, in that it can respond to mftogens. There were four times as many thymte 
5 oeSs In the young lats, but the celte from IGF-l-treated old rats had an vilro activity that 
was improved up to 4-fold. Therefore, aoooiding to the functional tests used, the thymus of 
the older rats was essentially restored to that of a much younger animal. In the thymus the 
effect of aging appeared to have been reversed. 

(b^BmflrimflntTwQ 

10 In a second set of 18Ht»nth-old rats, a similar experiment was perfonned, except that 

bGH and des-IQH were employed. Also tested was the activity of des-IGF-l and whether the 
relatively poor effect of hGH In the first study was due tohGH arttiMdies (GH is very 
antlgento In the rat. bGH much less so). 
The resuNs are shown In Table V. 

15 

TABLE V 



EBood Counts: Aged rats treated with des-IGM and GH; cf Youno Rats 



Gruop 


WBC 


Lympcte 
Na 


H6matocrtt 


RBC 
Na 


MCV 


Platelet 
Na 


a Control 
Old 


7.3af1.42 


4.32t0.75 


38jO±1.8 


7JSt0.49 


S0.1±1.1 


67Gtit29 


bds^GF-1 


ai2U)76 






72Si£)38 






cbGH 




4.15t0.76 


37.4±i.3 


7.3at0.32 






ddes+bGH 


a93±i.go 


4.6Gd:1.16 


37.6±12 


7.01±022 




783±98 


e Young 
Rats 


8.92t124 


6.4a±0.81 


37.Sct0.9 


6.53ti0.14 


57.4±1.0 


897±68 



Means and Standard Deviations ft*7 & 8, except for group (e) where (ns4). 



20 The weight gains with des-iGF-l seemed less than in the first study, but ware still superior to 
the response to bGH. The iddney and spleen showed large responses to des-IGF-l, and no 
significant response to GH. In general. des-IGF-l returned the blood cell counts towanJ those h 
the younger animals. wUh the combination of des-IGF-l and bGH being the most effective 
treatment. des-IGF-l tended to Increase the white blood ceil (WBC) and the lymphocyte 

25 number when combined wUh bGH. This chmge Is similar in amount to that seen in Example 
IV. In man. 

The results of thymic weight, ceO number, and percentage of cells that were PNA 
(peanut agglutinbi) positive are shown in Table VI. 
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TABLE VI 



Tlivmus Can Counts: Aged F344 rats treated wBli des4GM and 


bGKd Young Rats 


Gtoi|> 


thymus Vn 


CelNa 


PNA* 




(mg) 


(Xl06) 


1%) 


a Excipient Old 


BQ±35 




24±12 


bdesHGF-1(a64) 


117i2r 


35712.1** 


72t14*** 


cbGH(1.0) 


66±17 


1.3Qtt0ie 


37±18 


ddes4b6H 


144±39** 




69a53— 


e Young Rats 


338430*" 


2JBBiD.tr 


94i2*" 



Means and Standard Devtalibns n=7'& 8. empl for group a (n=4). 



5 It can be seen that thymus weight was increased at sacrffice in the des-IGF-l-treated rats. 
This experiment was designed to test the origin and typo of increased cell number h the 
thymus. This discrimination of the orign and type of cells was achieved t»y FACS analysis 
(descrB)ed further below) using PNA as the specific maricer for tnia thymocytes. PNA 
posBive thymocytes are believed to be young precursor cells for T<eHs. 

10 The young rats had 54old more thymic calls than the old rats. The number of cells in 

the thymus was increased about 4.5-fold using des-IGF-l alone or h combination with bGH. By 
SseV , bGH increased cefl number only two-fold. These responses oimfimi the obsen^ations h 
Experiment One. The percentage of the cells that were PNA positive was unexpected. The 
young control rats had 95% PNA positive cells, and the aged rats only 25% positive ceOs. 

15 Des-IGF-I by itself in these old rats Increased the percentage PNA positive ceBs to 

72%ofthecelIs. A similar number (68%) was seen for the des-IGF^I pits bGH group. bGH by 
Uses did not significantly affect the percentage PNA positive cells. This indicates that "real" 
thymic repopulation was being regenerated in the old animals, composed of precursor ceBs for 
T-cells. 

20 Therefore. des-IGF-l produced a very dramatic effect by returning both the number of 

cells and the percentage that were PNA posHive essentiaBy to nomal. IGF-I appears to have 
a marked effect on the rejuvenation of the thymus bi an aged raL 

At sacrifice h Experiment Two in the aged raiSt half the thymus was placed in 10% 
fomnaiin and histological sections were prepared The general morphology of the thymus was 

25 assessed by a veterviary pathologist as being characterized by (1) no sign'ftcant lesions (the 
young control anomals), or (2) involution (normal for the aged animals), or (3) shovring 
evidence of lymphocytic hyperplasia, m addition, the amount of lympho^ ceOularily wBhin 
the thymus was graded for an the animals, as this seemed to be the ceD component that was 
different between the groups. 

30 Using this scheme characteristic, thymic involution was seen in the excipient and the 

GH-treated groups. However, there was dear evidence of lymphocytic hyperplasia and the 
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restoration of the thymic architecture bi the groups that received des-IGF-l and des-IGF-l plus 
bGH. The increase in the lymphocytic cellularTty in the rats treated with des-IGF-l was easily 
distffigui^iable. Scoring the slides for the degree of involution and the amount of lymphocytic 
hyperplasia confirmed that involution was significantly reversed by des-tGF*l (p < 0.01 . 
5 Rshei's test) and that the amount of lymphocytic hyperplasia was greatly increased by des- 
IGF-l (p < 0.001). Therefons, histological examination of the thymus confimned that iGF-l can 
rejuvenate the thymus of an aged animai, even where thymic Evolution has already occurred. 
11. Rabbits 

Male New Zealand White rabbits 2.0*2^ kg were anesthetized and renal damage was 
10 Induced by damping both renal arteries for 1 20 minutes. At clamping, either one Abet osmotic 
pump (Alza Corporation, Palo Alto, CK Model 2IML-1) containing 2 ml of 3.3 mg des-IGF-l/ml 
acetic acid (100 mM. pH 4.5). or 2 Aizet osmotic pumps containing 2 ml each of 5.0 mg IGF- 
lAnI (in sodium chtoride/sodium acetate buffer. pH 6.0) were placed in the abdomhal cavity. 
The pumps delivered either 0.364 mg of des-IGF-l/lcg^day or 1 .18 mg IGF- l/kg^day for 7 days. 
15 Control animals received excipient-filled pumps. The animals were sacrificed at day 7 and the 
thymus and spleen were dissected. 

After seven-day treatment with IGF-I the average wet weight of the thymus in IGF-I- 
Ireated rabbits (n^e) was 4.7 ± 0.44 g, nearly twice as large as those of the control animals 
(2.7 i 0.58 g, ns4, psO.023). When thymus size was expressed as a percentage of rabbit body 
20 weight the statistical significance of the effect increased (paO.014). 

After seven-day treatment with des-IGF-l, the average wet weight of the spleen h 
treated rabbits 2.43 ± 0.44 g) was more than twk:e as large as that of the control 
rabbits (n=7. 1.17±021 g. p=O.028). 

25 The above studes using rats and rabbits established that IGF- 1 could cause profound 

changes in the bnmune system. The mouse was next used as a model system, as in this 
species immune celi markers and assays are better characterized and were readily available. 
Furthennore, it was desired to estabDsh bi the mouse 9 the effects on thymus and spleen size, 
ceH number, and in vitm responses to mitogens were translated hto a real functionally 

30 enhanced activiiy of the immune system. 

Since it was shown that bi aged rats IGF-I had remarkable activity in restoring the 
architecture and cytology of the thymus to that of a young animal and that the cefls produced 
showed enhanced mitogentc response, aged mk:e were chosen as the model, in this case retired 
breeder male mice, which are a model of accelerated agng. The effect of IGF-I as an anaboOc 

35 agent as well as an effector of immune tissue growth and function was studied in the adult 
aged mice, in addBkm. the effect of hGH and a combination of IGF-I and hGH on celi number 
and mitogenic stimuiathm was evaluated. 
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A. Design 

The following studies used retired breeder BALB/c mice 9 months old or older and 
weighing approxfmateiy 25 to 35 g (Hartan Sprague Dawley, San Diego, CA). Animals were 
5 housed In single cages and given food (Purina Rodent Chow 5010, St Louis, MO) and water. 
ad Bbium. All animals were weighed before being grouped nto treatment groups (based on 
their body weight) ushg a landomizalion program. Animals were identified wBh stainless steel 
ear tags and were acctinrated for at least one week. 

IGR was acMnistered by sc-impbnted osmotic msi^ump (for 7-day stucfies, Aizet 
10 Model 2001, pump rate ar^roxknateiy 1 (li/hr.; for 14^ay stucfies, two Aizet Model 2002 
mlnipumps, pump rate approxhiately 0.5 ^l/hr; Aba, Palo AHo, CA), The pumps were loaded 
wUh solution per the manufacturer's instmdions. and the filled pumps were then incubated in 
sterile sabre ovemigM h the refrigerator. 

The pumps were fifled with eilher the \GFA excipient or the desired concentration of 
15 JGF-I (5 mgfW fomiuialed as descrtoed above), /.e., 75, 30, or 120 (ig IGF-l/day/7 days for 6 
animals per group for the first seven-day treatment study and 120 ^g IGF- l/day/7 days tor 
5 animals per group for the second seven<lay treatment study and the 14-day treatment 
study. 

For hGH treatments, rhGH (Nutropin brand) was acfcninistered by itself in an amount 
20 of 9.6. 48, or 240 jig hGH/day/14 days via two Abet Model 2002 osmotic minfpumps (0.5 
|iVhr/14 days) hiplanted sc to 5 animals per group, or by itself via 240 |ig hGH for 14 days 
via sc injection, 5 animals/group. 

For combination studies of IGF-I and GH. IGF-i was administered \n a dose of 120 (ig 
by two Aizd 2002 minipumps and GH was adnwristered by daOy sc 240-tig iniections into 5 
25 animais/group. 

9^ pnityftndrVipnWetiihtlletermlnattoiB 
The mice were anesthetized wBh an ^ bijection of approximately 0.4 mi of avertin 
(2,2,2-tribromoethanol and tert- amyi alcoliol bi phosphate buffered salkie (PBS)). The dorsal 
scapular region was then cSpped of hair and a sn^ hdslon was made. A close hemostat 
30 was then inserted Mo the incision and pushed posterioriy. A minipump was then inserted into 
the pocket and the incision was ctosed vrith stainless steel wound cTps. and a sc bqedion of 
7500 U of penlcillin was given. Animals were inspected daly and their body weights reoo^^ 
Animals were sacriTned at various times foitowing minipump placement, a large blood 
sample was talcen, and the thymus, spleen, heart liver, kidney, and mandibular and 
35 mesenteric lymph nodes from each treatment group were removed asepticaily and weighed. 
The spleen, thymus, and lymph nodes were placed on ice in tissue culture media oi separate 
vials for further assays. All data are expressed as the mean ± standard deviation, with 
comparisons being made by one-way analysis of variance vAh foltow-up comparisons bebig 
made using Duncan's Range TesL 
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3. CftllPrgoaratton 

The lymph nodes* spleen and thymus were dispersed using sintered glass slides to 
fonfn single cell suspensions. The cells were then washed, h Eagle's minimal essential mediiffn 
(MEM, Qbco, Grand island, NY) containing 10% fetal bovine semm (FBS) (QOun). penteiDin 
5 (100 units/ml), 100 ^^ml streptomycin (Gibco), and 20Q/mM glulamine, and resuspended at 5 
X 10^ viable cefls/hil as delem^ed by trypan blue dye ewdusion. 

P.7Bnd14PHySt«dlM 
The purpose of these studies was to establish if IGF-I was anabolic In the intact 
normal mouse and if at such anabolic doses IQF-I affected thymic and splenic weight, 
10 cellularity, cell type, and responsiveness In vitro to mitogens. Five or six mice per group were 
used In these studies. On the basis of the doses known to be effective in the rat, it was 
decided to deliver IGF-I by continuous sc infusion at 140, 46. and 15 ^g/hrumeAlay 
(approximately 4, 1.33, and 0.44 mg/k^day). 

15 Effect of 7'PflYTreatnwnt 

There was a dose-related effed on body weight gain over the 7 days (excipient 0.75 
± 075 g, low dose OJBB ± 0.63 g, medium dose 1 .31 ± 1 .03 g, and high dose 3.42 ± 1 .24 g), with 
the high-dose response being highly siatisticaily signifeani compared to all other groups (p < 
0JX)1). In the repeat experiment with the hIghKlose IGF-I a similar weight gain (3.55 i 0.54 g) 
20 occurred that again was statistically greater (p < 0.001) than ttte gain of the exdpient- 
treated group. 

IGF-I caused significant gmwth of the spleen and the thymus after 7 days of 
treatment with IGF-I. In the first experiment there was a clear dose-related effect of IGF-I on 
the spleen (excipient 105 ± 14. low dose 124 1 21; medium dose 145 ± 58; high 

25 mg; exqpient vs. high^iose IGF-I, p<0.001). In the r^>eat experiment, the spleen wei^ agah 
increased (excipient 103 ± 18. hi^ dose 206 ± 68 mg. p s 0.01). Thymus weight was 
unchanged in the first experiment; this was probably due to the thymus being (fissected 
differently by different dissectors. In the repeat experiment, one dissector uniformly removed 
the thymus, and significant thymic growth was detected (excipient, 1 5.2 ± 1 .3; high dose 262 ± 

30 6.4mg,ps0X)06). 

The observed increase in spleen wei^ followng sevenKlay treatment wih 140 (ig 
IGF-l/day was due in part to an increase in lymphocyte number. Viable lymphocytes, as 
detemnined by trypan blue exclusion, increased from 2 x 10^ to 5 x 10^ ceils/spleen following 7- 
day treatment with IGF-I (Figure 7). This increase in cell number appeared to be due to an 

35 increase In both B- and T-cells. When B- and T-cell numbers were quantitated by FACS 
analyses of SIgf and Thy U cells, respectively, B-cell number bicreased 3 fold (1.3 x 
exc4)ienl vs. 35 x 10^ IGF-I), whBe T-caii nund>er was also increased compared to controls 
(OJxIO^excipientsvs. 1.1 x10^IQF-l)(seefigure7). 



wo 93/00109 



40 



PCT/US92/04489 



The obseived hcrease in thymic weight correlated with an hcrease in Thy U 
thymocytes (1 x 10^ exdpient vs. 2.4 x 10^ IGF- 1). These data suggest that IGF-I has a 
potent milogenic effect on lymphocyte subpopulations. 

In contrast to the dramatic increase in lymphocyte number induced by IGF-I. the 
5 response of splenic lymphocytes to st&nulation by LPS (B-ceOs) and Con A (T-ceOs) was 
decreased compared to controls, while the response to PWM was equivalent for both groups of 
mice (see Figure 7). This depressed mitogenic response suggests a lack of ftinctional nnalurfty 
h ttie iyn^hocyte popublion following short-temn (7-day) IGF-I treatmenL 

Therefore, in the 7-day experiment, lymphocyte number was increased, but mitogenic 
10 response was depressed. 

EffBrtOf IfPilYTrgfltrnent 

Next it was detennined if a longer exposure to IGR was required to effect 
^hocyte hinction than was required to effect lympho^ number. Therefore, treatment 
was extended to 14 days ushg the high dose of IGF-i (140 (ig^nnouse/dsy). Furthermore, 
15 snce hGH is thought to ad h part by inducing IGF-I production, tfte effects of hQH vs. IGF-i 
on ^mphocyte responses were compared. 

There was a siffifficant weight gain after 14 days of treatment with IGF-I (exc^pient 
1 .49 i 0.46; high dose 3.87 ± 0.45 g, p < 0.001). AddSionaPy there was significant splenic 
growth (excfpient 86 ± 12; high dose 163 1 9, p < 0.001), and s^nificant thymic growth 
20 (excq)ient18.2±4.6;hig^dose33J±10.6.ps0.017). R can be seen that the thymus and 
spleen readied similar weights after 7 or 14 days of treatmenL 

As seen in the 7-day experiment, the spleen celt number nearly doubled (1 .3x10^ vs. 
2.4 X 10^ compared to controls using IGF-I treatment (Rg. 8). WhQe there was an increase in 
T-ceO number bi the IGF-Mreated nvce, the only statisticafly significant increase was seen in 
25 the CD^ population (3.1 x 10^ vs. 4.9 x 10^) (Rg. 8), suggesting that CD^ + cells may be 

preferentially increased by this treatment regime. As seen in the previous experiment, IGF-I 
treatment resulted h substantial increases h nimiber. IGF-I also showed an increase In 
T-ceO wcribBT in the thymus wh«i treatment was carried out for 14 days (see Rg. 9). 
In contrast to the decreased response seen at 7 days, foBowbg 14 days of IGF-I 
30 treatment the mitogenic response of splenocytes from IGF-l-treated mice was sigiificantly 
elevated compared to contmis (Fig. 10). These data suggest that short-term administration 
of IGF-I results In signiRcant Increases in lymphocyte number, but additional tbne is required to 
see alterations in lymphocyte responsiveness. 

Effect of Combination After 14-Dav Traatment 
35 a. Sfmultanfloufi Treatment 

Since hGH and IGF-i had different effects on lymphocyte popubtions. in the next 
series of experiments the effects of hGH administered simultaneously with IGF-I were 
examined. Whether alone or in contf)ination with so-injected hGH. IGF-I treatment produced 
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ffKreases 01 total l/mphocyte number in the spleen, which agah appeared to be due primarily 
to an bicrease in B-cell number (Figure 11). The combination of IQF-I and hGH (fid have a 
pronounced effect on thymocyte number over IGF*I or hGH treatment alone (Rgure 12). 

It is expected that the preferred route of combination therapy would be administration 
5 of cofdhuously infused IGF-i and hGH. 

When 6H (at 280 (ig'day) was administered first for 14 days followed by 
administration by IQF-I (at 140 ^g/day) for 14 days, no effect <rf IGF*I was seen. 

Lonq-TBrm Effects of If Pay TrwitmBnt 

10 To detemnine the long-lasting effects of IGF-I. hGH and the combination, lymphocyte 

populations from control and treated animals were examined 7 and 21 days after 14-day 

treatment with hGH, IGF-i, or the combination of IGF-t and hGH. 

Seven days post-treatment the IGF-I- and IGF-I- plus hGH-treated mtee had 

sIgnSlcantly elevated splenocyte numbers oon^ared to elher control, or hGH-treated mice 

15 (Fig. 13). A statistical increase in B-ceU nun^r was obsen^ed in both IGF-l-treated groups. 

The increase in T-oeB number was signlTcant in the IGF-I only group, but not in the 
combination of hGH plus IGF-i group. Furthermore, both CD^-i- and CDg¥ T-oell poputatkms 

were elevated in this group compared to controls. As was the case with 14-day treatment, 

both groups of IGF«l-treated mice had elevated thymocyte nunrAers compared to hGH-treated 

20 or control mice (Fig. 14). In »l(fition, IGF*I, alone or bi combination with hGH, prodiml an 

increase h peripheral lymph node cell numbers (Fig. 16). No alterotion in node T-celi number or 
CD^:CDg ratios was obsen^ed following these treatment regimes. 

Unlike the danced proliferative response to mitogens seen at 14 days of treatment, 
the mitogenic responses of the IGF-l-treated mice had returned to control values by 7 days 

25 aftertrealment (Fig. 15). The largest mitogenic responses were seen in the hGH- plus IGF-I- 
treated group compared to controls, but these differences were not statisticaily si^ificant. 

By 21 days after treatment, aO four groups of mice had equivalent splenocyte (Rg. 
17) and thymocyte (Fig. 18) numbers. Thus, 21 days appears to be sufficient to restore the 
nomiai cell number and phenotypic ratios folbwing IGF-I treatment. 

30 However, by 21 days alter treatment, both the LPS and Con A responses of the 

hGH- plus IGF-l-treated group were statistically elevated compared to controls (Fig. 19). 
SimBariy, the responses to all three mitogens were elevated in the IGF-I only group. These 
resists suggest that IGF-I has an early and ^e acting effect on lymphocyte responses, while 
the combination of IGF-I and hGH appears to require some time to effect lymphocyte 

35 responsiveness, sc-lnjected hGH alone failed to have a statistically significant effect on 
mitogen responses at any time point examined. 
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EXAMPLE IB 
Response to antigen In Secondary Immunization 
The purpose of this experiment was to evaluate the immune function in male mice 
(retired breeders) immunized with dinitmphenyi-ovalbumin and treated with IGF-I. Previous 
5 expervnents indicated that 14 days of continuous IGF*I administratfon to retired male breeder 
mice increased the body weight, spleen, and thymus organ weights, it was shown that the 
increase in spleen weight was attributable to an increase in B^ll nurTd)er and an increase in 
mitogen responsiveness. It was also shown that increased T-ceO numbers in the thymus could 
be generated and that these cells were also more responsive to mitogens. These data 
10 indicated that 9 IGFA caused the antbody-producing B-cells and the helper T-cells to be 
greater in number and more responsive to mitogens, then IGF-i might be able to give a greater 
antibody response to an antigen. 

LBebiscqI 

Fbrty*eight hours after arrival, aO animals received a single ip hjection (100 of 
15 dmitrophenykvalbumin mixed with alum (DNPOA). (The dtnilrophenyl ^up is a hapten that 
eMs a B<ceD*dependent response, and the ovaBsumin is a canler that eBcits a T-cell 
dependent response.) The DNPOA was mixed before use by addoig 50 ^1 of DNPOA (1 
mg/ml) to 2.45 mi of sterile PBS. plH 7.0 and 2.50 mi of aluminum hydroxide absorptive gel 
(Rehsorptar™ brand, sold by Annor Phannaceutibal Col. 11^ 20 mgAnI). The DNPOA was 
20 mixed for approximately 30 minutes prnr to injection. The day of DNPOA irrvnunization is 
designated as Day 0. 

At Day 19, ten animals were grouped by body wel^t into two groups. (One anbnal 
was found dead on day 9.). Nheteen mini-OOTOtic pumps (Aizet Corp., Palo Alto, CA) model 
2002 (0.5 liVhr, 14 days) were filled with IGF-I excipient or IGF-I as described in Example I and 
25 placed h sterle sabie solution overnight at 4*^0. 

At Day 20, five randomly selected animals were bled (orbSally). Semm was 
analya»d for IgG specific to DNPOA, as descried below. 

At Day 20, all ten animals were anesthetized wSh an ip mjection of approxvnately 0.5 
ml of avertm as descrbed ^ove. The anofnals were clipped free of hair on a dorsal area of 
30 approximately 2 cm^ and wiped with 70% alcohoL A small incision, approximately 1 cm. was 
made bi the dpped area. A hemoslat was inserted into the mdsion and pushed anteriorly to 
the base of the tail and the above-described min^urr^s were inserted. Five animals were 
implanted with two moi^umps each of exdpient buffer. Five animals were implanted with two 
minqpumps each of IGF*I. The rate of delivery for the minipumps gave an IGF-I dose of 120 ^g 
35 IGF- l/day for maximum of 14 days. After recovery from anesthesia, five animals each from 
the excqpient and IGF-I groups received a booster Ip lOO-fil injection of DNPOA. 
At Day 25, one animal in the excfpient group was found dead. 
At Day 34. all nine animals were bled orbllally and the senim was analyzed for IgG 
(see Table VII for the overall immunization scheme). 
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TABLE VII 








Retired Male Breeder Mice (BALB/c) tmmunized with DNPOA 




Group 


Number 


IsHnJecUon 


Confiound 2ndb\jBcdQn 






DNPOA 


(implant date) 


DNPOA 


1 


4 


OayO 


Ewipient 


Day 20 








Day 20 




2 


5 


DayO 


IQF-1 


Day 20 








Day 20 





5 IL Assay of AntWNPAnWbodtefl 

IgjS; IgG anti-ONP antbodids in the test mouse sera were measured liy EUSA 

(OTzyme-linked ifnmuiK>assay) using senim of anti-DNPOA primed mice as a refermice 

standaid The EUSA was set up in 96-weg plates. Ecdi wed was coated with 0.1 ml of 25 
lig^ml DNPgl^SA (dinttrophenyl human serum albumin) for 24 hours at 4"^ After blocking 

10 wSh 0.1% BSA, 0.1 mi of each test sera was added to the antigen-coated plates in tr^Gcate 
and the plates were incubated for two hours at room temperature. The plates were washed 
three times wHh PBS/D.Q2% Tween 20, and 0.1 ml of 1:2000 dOution of rabbit aritl^use IgG 
(Cappel Labs) was added to each weL Plates were again incubated two hours and washed. 
Next. 0.1 ml of 1:1600 dilution of goat antwabbH horseradish peroxidase conjugated antteenim 

15 was then added to each well for one hour at room temperature. After washing, 0.1 ml of 0.2 
mg/ml ortho- phenylene diamine (OPD), 0.01% hydrogen peroxide in 0.05 M citrate buffer was 
added to each well, the reaction was stopped with 2 M sulfuric acid after 30 minutes, and the 
optical density was read at 490 nm on a Microtecl ptate reader. 
Ill, A^sflYgfTtfallgQ 

20 IgG antibodies in the test mouse sera were measured by an EUSA using murine IgG 

as a reference standard. The EUSA was set up h 96-well plates. Each well was coated with 
0.1 ml of 1:200 goat anti^nurine IgG-Fc spedfk: (Cappel Labs, Westchester, PA) for 24 hours 
at 4''C. After blocking with 0.1 % BSA. 0.1 ml of each test sera was added to the antibody* 
coated plates In tr^Bcate and ttie plates were incubated for 2 hours at room temperature. 

25 The plates were washed three times wHh PBS/0.02% Tween 20. and 0.1 ml of 1250 dilution 
of horseradish peroxidase-conjugaled Fab-specific goal-anti-mouse IgG (Cappel Labs) was 
added to each weB. Plates were agam incubated two hours and washed. After washing, 0.1 
ml of 0.2 mg/ml OPD, 0.01% hy(togen peroxide in 0.05 M citrate buffer was added to each 
weO. the reaction was stopped with 2 M hydrogen peroxide after 30 minutes, and the optical 

30 density was read at 490 nm on a MIcrMect plate reader. 

Rgura 20 shows the concentration of total (Rg. 20B) and OA- specific (Rg. 20A) IgG 
in the senim of excipient- or IGF-l-treated mice. IGF-I treatment significantly increased the 
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seoondaiy IgG response to antigen at eveiy time pobit examhed. While there was a trend 
towaid elevatton bi total IgG levels m the IGRI group, the values were not statistically 
increased compared to controls. Thus, IGF-i functions to boost the memory response of the 
mammal it is noted that exposure to IgG after a secondary immunization produces a longer 
5 improvement bi antibody production. 

EXAMPLE IV 

Effect on Immune Response After Bone Marrow Transplantation 

The purpose of this experiment is to detennine the effects of IGF-I treatment of mice 
10 on repopulatibn of the spleen and thymus following bone manow trsisptantation. 
LfEStSBQl 

Male BALE/c mice, 10-28 g and 6-7 weeks old (Charies River, San Diego, CA). were 
used bi the study. The animals were group housed h polypropylene cages with food 
Rodoit Chow 5010, St. Louis. MO) and water, ad Ibium. All animals were weighed the day 
15 of pump impiantalbn and randomized Into groups. Ardmab were identified by stainiess-steei 
ear tags. 

Ten animals per group were studied. Animals were anesthetized with an ^ injection of 
approximately 0.4 ml of avertin prior to knplantation of Alzet osmtto minipumps Model 2002 
(0.58 ±0.03 ^l/hr/14 days) filled with IGF excfpienl or 200 )xl of riGF-l described above 
20 diluted to achieve a daly, ocmtinuous deGveiy of approximately 40 or 120 )igAlay/14 days. 

Daily animal weights were recorded. Twenty-four hours after the vrnlant, all animals 
were irracfiated with 900 rads of radation from Cesium (4.29 minutes). Within one hour 
after inadialion animals received an Mravenous hjection of 1 x 10^ bone manow ceils (250 
HD- 

25 Femure and tiblas were removed from 40 donor animals. The bone marrow was 

flushed out with PBS. Ceils were cenlrifuged and washed with saline. Viable ceDs were 
counted and diluted w&h safme to acMeve 10^ ceilW.25 ml. 

One haif of the animals were sacrSiced 14 days after the irradiation treatment. All 
the surviving animals from the group that was irradiated and received no bone manow were 

30 sacrifoed at this tone. The remaining animals were sacrificed 23 days after the inadiation 
treatment Spleens, thymuses, livers, and hearts were removed and we^ed. Long bones 
were taken for histology and the spleens and thymuses retained for cytological andbivHro 
assays. Blood was taken for ana^is of peripheral cytology. The protocol is given in Table 
VBI. 
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TABLE VU 





In) 


Route 






1 


10 


scpunp 


0 


no marrow 


2 


10 


scpump 


0 


received marrow 


3 


10 


scpunp 


40 


feceivad marrow 


4 


10 


scpump 


120 


received marrow 



10 



Anbnab not replaced with tx>ne marrow showed a high moitaiily. where three out of 
ten animals survived for 14 days. For aH measures (biood. tissue, and whole body) this group 
of animals showed the expected effect of a lethal dose of radiation. 

Animals replaced with bone marrow survived with only two animals out of 30 dyhg 
over the 23-day study. The actual weight gains in the four groups are shown in Rgure 21 . 
Thymus and spleen weights are shown in Talbe IX. 



i' l. i v. H L iv/ j i . '.iin 



Day 14 



TABLE IX 



Day 23 



Day 14 



Day 23 



No manow 
IGF-I tow 



BJM3 



la&fZS 



12£f1j0 



26i>f1Z9 



23^2 



1012f205 



74^29j0 



IGF-I hfah 



27A.10.9^ 



512+M" 



12SXMS.4* 



103.fri>19.4 



15 



20 



25 



* p < 0il5 of Marrow Only on same day 
-p<0j01 

There was a clear effect of IGF-I increasoig thymus and spleen weight in this model. 
It appeared that the thymic effect was greater than the splenic effect, as there was a 
maMaihed doubling of thymus size in the high-dose IGF-I group. w9h the effect on the spleen 
initially bebig statistically significant, but not maintained at day 23. There was no overaU 
effect of treatment on liver or heart weight. 

The dramatk: whole body anabolb effect of IGF-I this setthg confirms that IGF-I 
continues to be anabolic on the whole body. The effect of IGF-I increasing the mass of the 
thymus and spleen was surprisbig in the very extreme setting of immune deficiency that this 
model presents, it might be expected in other nrKXleis of Immune deficiency, /.e., AIDS, that 
IGF-I would also show these remarkable efficacies. 

The body weight changes for all four groups are shown in Rgure 21. The figure shows 
clearly the very iaige weight toss in the animals foltowing radiatton exposure. There was a 
clear dose-reiated effect of IGF-I protecting the mice from this cataboSsm. High-do^ IGF-I 
had a significant anabolic effed as early as seven days foltowing treatment and this effect 
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persisted to the end of the study. Low-dose IGF-i also caused a significant protection at sonie 
Mb points dp < 0.05). 

B. Cell Numbers and Maooenlc Responses 

Fourteen days post tnadiation, anbnals receivmg 120 |ig IGF*I had increased numbers 
5 of CD^-f T-ceOs in the pe^pheral blood compared to control or low<tose IGF-I treatment (Fig. 

22). Indeed, the ratio of CD^ to CDg increased from 2 to 4 in this treatment group compared 

to controls. These data are consistent with the preferential increases h CD^ cells seen in the 

spleens of aged mice treated wSh IGF-I for 7 or 14 days, tto effect was seen on pertpherai B> 

oeO number foliowbig IGF-I treatment. 
10 When the splenic lymphocytes from these animals were quantitated by FACS 

analysis. IGF-I treatment was ^wn to produce a dose-re^onsive hcrsase h the number of 

T- end B-cells (Rg. 23). However, no effect was seen on ndtogenic responsiveness of these 

splenocytes when measured at this thte point (Fig. 24). 

As was the case with the spleen, the number of lymphocytes repopulathg the thymus 

15 of the IGF-I mice was Increased compared to controls (Hg. 28). 

When examhed at 21 days post irradation, IGF-I again induced an alteration In the 
perfphetai blood lymphocytes CD^'CDg ratio due to increases in the CD^ + TceD population 

(Hg. 25). By this time, total spleno^e numbers in the IGF-l-treated groups had returned to 
control values but a sl^ht increase was still measurable in the splenic CD^ <«- T ceD population 

20 (Fig. 26). This increase in T<ells was rrftecled h tncreased milogenic responsiveness. Con A 
stonulation of splenic T-ceOs tripled in the high-dose IGF-l-treated mice (Rg. 27). B<ell 
myogenic responses to LPS were unaffected by IGF-I treatment when examined at this time 
poffiL 

Surprta*ngly, the thymic lymphocyte numbers of the high- and low-dose IGF-Mreated 

25 mice were still dramatically increased compared to controls (Rg. 28). 

Taicen together with the increases in splenic CD^ number and Con A responsiveness. 

these data suggest that IGF-I increases the rate of perq)heral cell repoputatton and supports 
an important therapeutic role for this molecule following syngenic bone marrow 
transplantation. It is anticipated that the use of GH to stimulate IGF-I production will result in 
30 a similar response following syngenk; bone marrow transplantation. Acbninistration of both 
GH and IGR is expected to increase the rate and extent of such bond manrow 
transplantation. 
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EXAMPLE V 
IGF-I AMlNfSTRATION TO HUMANS 
This clinical investigation provides evidence that IGF-I also affects the immune 
system of a human. 
S I ftotneql 

A Phase I dnkal studir was conducted of the safety and phamiacokhetics foltowing 
repeat admlhlstiatlon (muUdose) of IGF-I in heaOry adult males. &ui) subject of 12 htiman 
patients received a bohis injection of 0.03 mg/kg itilGF-l as descrbed aliova each morning for 
five consecutive days. On screening and ten houis post bolus on day five, blood sanples were 
10 taken for detemunatnn of heinatok)gy. 
H ResuliB 

It was found that the hemogtobin, hematocrit, and red blood cells (RBCs) were 
significantly lower on day 5 as compared to screening or post-treatment week 2 (psOX)01, 
0.0004, 0.0005, and 0.0005). In contrast, the white btood cells (WBCs) increased siffiifhantiy 
15 from screening to day 5 (from 6.1 ± 15 to 7.5 ± 1 .9 M/CMM. p=0.0018). Furthennore, at post- 
treatment week 2 the WBCs feli signifKantly from ttie value at day 5 (from 7.5 ± 1 .9 to 6.4 ± 
1.6 M/CMM, p=0.003), SO that the pretrealment and 2-week post-treatment WBC values 
were not significantly different 

Therefore, despite the RBCs falling In this study, the WBOs rose. Ills known that 25 
20 to 30% of the white blood ceRs are lymphocytes. The 23% ktcrease in the total number of 
WBCs in the bkwd of the IGF-Miettted subjects makes it very IBcely that there was also an 
bicrease in the number of lymphocytes foltowing this course of IGF-I treatment h man. 
Compare Figure 22B, which shows statistteally signifkant changes In the peripheiat Vtood CD^ 

lymphocytes number in mice after treatment wBh 120 ^g IGF-I. See also Table V on the 

25 iwreased effects of the comtrination of das- IGF-J and bGH on lymphocyte number and WBCs 
in aged rats. 

CONCLUSiOW 

Studies by Isaksson et al. (Acta Phystol Scand. lH:261-265, 1982) had shown that 4 
30 daily subcutaneous vijection of GH were more effective than 1 or 2 injections per day or a 
oontimiousinfuston from subcutaneousiyimpiamed osmotic miriipunv>8. On the other hand, 
Cotes etaL (J. Endocrinotogy aZ:303412. 1980) found that continuous sjc. infusion from 
minipumps was more effective than single daily injectkms and concluded that continuous 
infuston was more effective than episodic admviistratKm. Jansson, In The Sexual Dimorphism 
35 of Pulsatile Growth Homwne Secrelkm in Relatkm to Body Growth, University of Gotenburg, 
Gotsnborg. Sweden, 1983 at page 33-35) showed that 4 s.c. injections of GH was superior to 
GH oontbuiously acMMstered by mintosmotic pumps. However, there have been no studies of 
the effectiveness of different patterns ol GH administration on the growth of different body 
organs, on on ftnmunobgk: function. 
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We have discovered novel strategies for GH administration. We have shown that 
continuously admbiisiered GH is the preferred pattern of GH administration to stimulate GH ^ 
responsive tissues, particularly the immune responsive tissue. There is a body of literature 
suggesting different responses to GH after either a continuous exposure or a pulsatile 
5 exposure (Clark and Rosinson, 1987). The present invention contains the first experimental 
results to show that immune responsive tissues prefer the oonthuai presence of growth 
hormone and therefore that continuous presence of GH is the preferred method of therapeutic 
acbnirtistration. 

We have also discovered new strategies for GH admhistration in combination with 
10 IGR. To coadminister GH with IGF-i to affect Irmrne functions we propose that QH be 
delivered to maintain continuous presence in the blood and intracellular fluRls. The present 
inventbn establehes for the first time that GH and IGF-I have an additive effect when both 
areco-admirustered. 

GH has previously been adnlhisteredas a daily or every 2-d&y pulsatDe or bolis 

15 hjectton route, shoe it was assumed and had been shown superior to short tenn contffiuous 
GH infusion. Surprismgly, the longer temn continuous presence d GH in the plasma has been 
found superior for stimulating many if not most GH responsive tissues. The continuous 
presence of GH for 3 or more, preferably 6 or more and most preferably 14 or more days 
stimulates GH responsive tesue better than putsatiie administration. 

20 GH may be continuously administered by catheter or various rronipumps that deliver a 

constant amount of GH. However, in another aspect of the present hvention, GH fonnulated 
to have a long half-life has been found to result in a supertor GH response, when administered 
every 6 days or more. Surprisingly, the tissues and cells of the immune system have been 
found to respond to GH or GH plus IGF-I treatment to increase both the rate or response and 

25 the magnitude of the immune response. The intemuttent administration of PEG-GH has been 
found to give the best GH response when ackninistered every 6 days. 

IGF-I was isolated and named first as a 'somatomedin* to hdicate that it mediated 
the whole-body growth-promot&ig adivily of GH. It was later named IGF-I In recognifion of is 
ffisulin-l3(e metabolic activities. It is therefore surprising that IGF-I, a molecule considered to be 

30 a metabofo regulator of somatic growth, was shown to have similar growth factor activity 
on cells of the immune system as irony of the interleuldne. 

It is known that GH receptors. IGF-I receptors, and insulin receptore are present on 
ceOs of the snmune system. The functional effect ji wvo of these receptore and the activity 
of theff ligands on the immune system was unknown until the present invention. The effects 

35 of insulin and GH on the immune system have been taken to be insignifcant (see, e.g., Snow. 
J. Immunol.. 135: 776-778 (1 985)). Most tissues in the body have receptore for GH, IGF-I. and 
Hisulin where these honnones act to regulate the basic metabolic functions of cells, for 
example, glucose uptake or amino ackf transport. The receptore that have been 
denH)nstrated to be present in immune tissue couM function to control these activities, rather 
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than act to influence their differentiation, growth, and the immunological activities. Recent 
literature has recognized that the role of IGF-t in affecting immune cytolog/ or function is 
unknown (see Fu flfa/>.JJmmunQL 146: 1602-1608 (1991)). 

It is well recognized that aged, underfed, or malnourished patients, or patients 
5 suffering from ilbiesses or diseases, become bnmune deficient. R is additionally known that 
these patients also l)eoome IGF-I deficient. The findings herein suggest that this invnune 
deficiency is directly related to. and exacerbated by, if not caused by, this IGF-I deficiency. 
Restoring IGF-I btood ooncentretions h patients wouhi be expected to result In an amelioratton 
of their immune defidency. IQF-I dramatically affects the size of the thymus in several 
10 animal models. Thymic growth has been seen in hypophysectomized and dwarf rats, in young, 
aduR. and aged rats, in mtee, and in rabbits. The thymus involutes with age in most animals; 
it reaches a maximai size and then beghs involuting in man after puberty. This ffivolutton Is 
associated wtth a decihe in the activity of the Immune system. This hventkm therefore 
provkles in one aspect a means of stimulathg the fanmune system of an aged human to 
15 restore the thymic tissue to that of a much younger person. The comblriatton of an agent 
that has anabolic activity on the major htemal organs, with improvement of hematology and 
immune function, makes GH or GH plus IGF-I an attractive drog for treating adult or aged 
himians. The ability to rejuvenate the thymus and therefore boost the immme system is seen 
as providing a range of therapeutic opportunities. 

20 Such opportimities oiclude common varied agammagtobulinemia in which B<ells fail to 

mature into Ig seaetory ceDs and the senim contains less than 250 m^dl compared to 1000 
mg/dl that is the nornial concentratton. IGF-I produced significant increases in semm Ig levels 
(Fig. 20) and may be useful in this disease. 

A further use of the invention would be to «lminister the IGF-I to a patient who 

25 suffere from a hereditary illness that results in an impaired mnmwie system. An example of 
such a patient wouM be a chad suffering from oongenital thymic aplasia (diGeorge syndrome) 
h which the thymus is atrophied and T-cells are severely diminished, leading to opportunstic 
Sections that are often fatal. The reason for this disease is unknown. IGF-I might be 
expected to give an improved size, cellularily, and responsiveness of the thymus in these 

30 patients. The couree of treatment wouM be htermittent. with, for example, a predicted 14- 
day pertod of treatment being given foitowed by a resting period of more than 21 days 
between exposures to IGF-I. At this tkne. the cell counts in the bromine tissues would have 
returned to nonnal, but their ability to respond to mitogens or to produce antibodies would be 
enhanced. Such an intermittent course of treatment of producing waves of cellular 

35 devetopment would be sustaoiable and lead to a long-tenn restoratk)n of immune f unctbn in 
hereditary oonditkHis of the DiGeorge type. 

A third opportunity Is acquired Immunodeficiency syndrome (AID^^^ Patients wtti 
AIDS have no T-cell hununlty and bivereed T4/rB rattos. IGF-I has been shown to increase 
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T-ceB mitogen responsiveness and specilicaB/ enhance CD^ -f cell number (Figs. 5, 10, 1 1) and 

as such may be a useful drug in the treatment of AIDS. 

The data set forth above suggests that administralton of IGF-I is beneficial to 
hcrease immunoglobufin production h patents suffering from Insufficient immunogloburtn 
5 production. The intan/al between onmunizations m^ be expected to be reduced by the 
invention herein. Ihe more rapid proliferation of cells in vitro from IGF-l-treated mice 
suggested that enhanced antibody responses could be achieved more rapidly. This would allow 
more compressed bnmunizatton protocols. For example, in man it is common to give primary, 
secondary, and tertiary immunizations separated by many months. During this time the 

10 patient b at risk of exposure to the agent from which he or she is being protected. It would be 
an advantage to reduce the inten/al between immunizations by usbig IGF-I to boost the 
immune system so that the above risk could therefore be reduced. 

Another use of the invention is to give a patient a course of IQF-I treatment during his 
or her recovery from major iSnesses or foBowing surgery when an Infection or relapse might be 

15 expected. An enhanced nnruntme response wouU be expected to aid such a patient to mount an 
immune challenge to the infection or relapse. 

StOI another use of GH or IGF-i administration is as an immunoadjuvant. \Mienever 
immunizing a mammal or avian, priming with GH and or IGF-I to accelerate the immunization 
process is ciear^ indeed in the present invention. 

20 h the above examples, the effectiveness of IGF*i has been demonstrated as foDows: 

(1) in three species (mouse, rat, and rabbS); (2) in both sexes (male and female rats); and (3) 
in several animal models, hcludffig animals made surgically GH and IGF-I deficient 
(hypophysectomized rats), animals witti herecTitary GH and IGF-I deficiency (dwarf rats), 
normal animals (ovariectomized rats), nomnally aged animals that are IGF-I deficient (18* 

25 month-old rats), animals showing accelerated aging (retired breeder mice), and animals with 
reduced immune functkxi Ohe aged animals). 

it does not necessarBy follow from the above studies that a minimum of 14 days of 
IGF-I treatment b needed to induce the changes obsenfed In the mouse 14*day treatment 
was chosen as this proved a reliable means of indwiing immune tissue responses. It is possible 

30 that 7 days of IGF-I treatment, which did induce an fficrease on cell number, would eventually 
lead to functionally active mature lymphocytes. Additionally, less than 7 days of treatment 
(for example, the 5 days used in Example IV in man) might also be an effective period of 
administration. Rffthenrore, IGFA treatment by injections rather than continuous infuston is 
also expected to be efficactous. 

35 It would be reasonably expected that the rabbit, rat. and mice data herein may be 

extrapolated to avians, horses, cows, and other mammals, correcting for the body weight of 
the avian or mammal in accordance with recognized veterinary and dinicai procedures. 
Humans are believed to respond in this manner as well. IGF-I receptore have been 
demonstrated on human lymphocytes [Kozak et al., Cen Immunol., 318 (1987)], and 
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evidence of sim9ar responses in man is demonstrated in Example IV. Thus, it would be 
reasonably expected that in man IGF-I wouU have a beneiiciai restorative effect on inrunune 
function in all patients. 
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WHAT IS CLAIMED IS: 

1 . A method for stimulatfrig a mammaTs or aviart's growth hormone responsive tissues 
oomprismg maintaining a continuous, effective plasma growth hormone concentration for a 
period of three or more days. 

2. The method of daim 1 whereoi said method is accomplished using a continuous infusion 
device. 

3. The method of ctaim 1 wherein said method is accomplished using a growth hormone 
complexed to one or more macromotecuies to reduce GH clearance from the blood plasma. 

4. The method of claim 3 wheieih said gmwSi homrane is complexed with a macromolecule 
selected from the following: growtti hormone btn(fing protein, polyelhelene glycol, polypropyloie 
glycol and cartMhydrale. 

5. The method of claim 1 wherebi said responsive ttesues are immunoresponsive tissues. 

6. The method of daim 5 wherein said growth homnone is human growth homnone. 

7. The method of claim 6 whsreh said human growth honnone is in oonrAhation with one or 
more of the foOowing: growth homwne tending protein or IGR. 

B. The method of claim 1 wherein said human ^wth hormone has covaiently attached one or 
more polymers selected from the foOowing: polyethelene glycol, poiypropylene glycol sid 
carlrohydrate. 

9. The method of daim 8 wherein said polymer Is polyethelene glycol and said covalentty 
attached polymer is polyethelene glycol attached at one or nwre human growth homione 
amino acids seleded from the following: N-terminal methioninel . lysine 38, lysine 41 , lysine 70. 
lysine 140, lysine 145, lysine 158, and lysne 168. 

10. The method of claim Iwherevi said period is for 6 or more days. 

1 1 . The method of claim 1 wherein said dose of growth hormone is from 0.01 to 10 mg/kg^day. 

12. The method of claim 5 wherem the bnmune ^stem is stimulated by roreased splenic cell 
number. 
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13. The method of claim 5 wherein the immune system is stimuiated by increased thyniocyte 
number. 

14. The method of daim 5 where?) said immuno-responsive tissues result in an rarease in 
anUbody synthesis. 

15. The method of claim 5 whereh the said immuno-responsive tissues mediate cell medated 
immunity. 

16. The method of daim 1 wherein the mammal is a human. 

17. The method of daim 16 whereh the human is an aged human. 

18. The method d claim 16 wherein the human has a oornprontteed immune^ 

19. The method of ciakn 18 wherein the human has AIDS. 

20. The method of claim 1 wherein the mammal has undergone a bone marrow transplant. 

21 . A method for increasing a mammaTs or avian's antibody response to an inrvnunogen 
comprising administering to the mammal or avian the immunogen and an effectWe amount of 
growth hormone. 

22. The method of claim 21 wherein said growth hormone Is administered prior to 
Immurtization. 

23. The method of daim 21 wherein said growth hormone is adndnistered simultaneously with 
or following immunization. 

24. The method of claim 21 wherein said growth homrane is administered in combination with 
IGR 

25. The method of claim 21 whereh said manrunal or avian is infected with a vims that has 
an incubation time that is shorter than the normal immune response of the mammal or avian. 

26. The method of daim 16 wherein the administratfon is concurrent and wherein the 
immunogen is derived from a vims, tumor or a microorganism and a boost of the immunogen is 
given to the mammal or avian. 
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27. The method of dabn 21 whoreh the bnmunogen is e vaccme oomprisffig an antigenic 
sutisfance selected ffom the following: a vims, a bacterium, a ftingus, a yeast and a tumor 
ceB. 

28. A method of hcreasing the T-cell responsiveness in a human or other mammafian subject 
in response to an immunogen, where saM subject suffers from a oondilion in which hsufficient 
T*he(per or T-cytolytb activity occurs, comprising administering to the subject an effective 
amount of growth hormone, the amount being effective to increase the T-help or T-cytolytic 
activity. 

29. The method of claim 4 wherein said growth homtone contains one or more covalentiy 
bound polyethyteneglyools. 

30. The rnethod of daim 29 wherein said growth homrane contains more ft^ 
than 10 polyelhyleneglycols. 

31 . The method of claim 4 wherein said growth honnone ts human growth hormone and said 
growth honnone binding protein is human growth honnone binding protein. 

32. A human growth variant comprising native human growth honnone wherein polyethylene 
giyool is covalentiy attached to one or more of the following amino acids: Methionine 1, lysine 
38, lysine 41, lysine 70, lysine 140, lysine 145, lysine 158 and lysffie 168. 
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